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I. Introduction

Changing the lea ning experiences of students has been the

ultimate goal of curriculum innovations in mathematics, science and,

more recently, social studies and linguistics. Such curriculum inno-

vations represent the combined talents of teams of academicians, class-

room teachers and learning theorists. But existence of these curricula

does not mean that students' learning experiences actually have been

changed. Spanning the development of a curriculum from "-movation to

institutionalization represents the challenge of our day. This chal-

lenge can be met only by the development of an adequate base of manpower.

People plus programs equal change, whereas programs without people remain

on the supervisor's office shelf!

Change in the students'

through the way those experiences

ledrning experience includes both

uses that curriculum. The nature

are such that their effective use

learning experience can be facilitated

are structured. The structure of the

the curriculum and the teacher who

of the newer curriculum innovations

requires an understanding of both the

subject and the method that was built into the design of the program.

To use the innovation effectively, most teachers must modify consider-

ably previous teaching procedures. Teachers can no longer "teach as

they have been taught." They can no longer simply have students ccpy

notes presented largely from the teacher's old college notebooks!

The curriculum innovation implemented in this study, Science -

A Process Approach, has been developed by the Commission on Science

7-
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Education of the American Association for the Advancement of Science

with support from the National Science Foundation. Its use in more than

9,000 classrooms in the State of Texas illustrates the extent to which

both the curriculum and its related inservice teacher education program

have been piloted field tested and disseminated within the state. This

achievement is the product of a series of activities dating from 1963.

In 1963 the curriculum innovation itself was field tested in

Austin, Texas, as one of ten tryout centers in the nation for the class-

room use of materials developed by AAAS. The teachers in Austin came

from four elementary schools representing a cross section of the public

school population in the city. The teachers' response to the new sci-

ence program vr:Is enthusiastic. Austin Public School officials requested

that the program be expanded within the school system. Aporopriate

permissions were secured from the Commission on Science Education of

AAAS for this expansion.

During the summer preceding the 1964-65 school year, AAAS

directed the revision of the kindergarten-to-third-grade materials of

Science - A Process Approach and prepared new materials for grades four

and five. During that same summer, in Austin, a teacher education pro-

gram was developed by the ten teachers in the Austin tryout center as

part of the Science Inservice Project. Seventy additional teachers in

Austin participated in the first year of the Science Inservice Project.

This Project was sponsored jointly by the Science Education Center of

The University of Texas, the Austin Independent School District, and

the U.S. Office of Education through a cooperative research grant.
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During the 1965-66 school year, two more groups of teachers

were added to the Science Inservice Project. One was a private paro-

chial school and the other was a group of teachers who were participants

in the language research studies project in San Antonio, Texas, another

U.S. Office of Education cooperative research grant.

During the summer of 1965, as AAAS revised the K-5 materials

and added materials for grade six, the teacher education program of the

Science Inservice Project was used in six new pilot centers in Texas.

Evaluation and follow-up was planned through the resources of the Research

and Development Center on Teacher Education at The University of Texas

and local school districts. Analysis of these studies was completed by

the staff of the Science Inservice Project.

During the 1965-66 school year, requests were received from

19 Texas school districts for pilot centers. These requests came through

the Texas Education Agency. Because the staff of the Science Education

Center was obviously inadequate to handle these requests, a mechanism

for delivering assistance to those school districts was sought. The

planning of the Curriculum Demonstration Center began as a solution.

These planning activities involved teachers, supervisory personnel,

school administrator's staff and state education department staff as

well as staff of The University of Texas.

Between 1966 and 1959 the Curriculum Demonstration Center has

been a vehicle through which more than 70 school districts have piloted

the curriculum and the means that introduced more than 5,000 teachers

to new experiences in science for their children.
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As part of the pilot and field test activity of the project,

evaluation studies have been completed which indicate the trends listed

below:

When student achievement is considered, results indicate
that:

1. Students in experimental programs do as well on
"traditional" science tests as their counterparts
in traditional classrooms.

2. Students' attitudes towards their teacher are in-
tensified more in the new program, indicating a
much more powerful student-teacher interaction.

Students' attitude towards science in school im-
proves. It is characterized as being good and
doirT something.

4. Boys and girls perform equally well in science.

Grade level seems to be an important factor in
achievement. Fourth grade is highest and the sixth
grade is lowest. This would indicate that one must
initiate discovery, that is self-responsible learn-
ing, early in the school life. By the time a child
has reached the sixth grade, it may be too late to
learn how to learn.

6. When a variety of components of cognitive activity
are considered, such as intelligence, past experi-
ence and creativity, a trend toward a dramatic shift
in students' performance appears to occur after two
years in the program. This would indicate that
school districts ought to plan pilot activities to
extend more than a single year.

7. Analysis of students' contrasting ethnic backgrounds
indicate that they seem to fee'l the same trends of
improvement. This would indicate that "disadvantaged"
students can and do achieve success with appropriate
instructional experience. It also suggests that
"advantagedustudents need a type of instructional
experience that they may not now be receiving.

8. Achievement level of five and six-year-old children
of obviously contrasting ethnic backgrounds is equally
high on non-verbal tasks. On verbal tasks achievement
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appears to be very much related to the ethnic back-
ground of the child.

9. Student achievement is not related to community,
grade level, or program; but the most significant
factor on achievement is the teacher. This result
is observable in several studies and emphasizes
the need for well-trained teachers as well as ade-
quately designed programs.

Teachers most likely to succeed with an innovation in
science appear to be those who have had:

1. Few courses in science.

2. More than three years teaching experience (but
there does not appear to be an upper limit).

3. A principal who supports the teacher's activity.

4. A school administration which supports the use of
the innovation.

A positive attitude toward the program (results of
several evaluations indicate that a successful
inservice experience serves to enhance the teacher's
attitude).

6. A working knowledge of the curriculum innovation
(which is also directly related to the staff devel-
opment program).

7. Teaching assignments in the priinary grades (teachers
at the intermediate grades seem to experience greater
difficulty with the non-direct discovery approach
to instruction

C. When the sequence of staff development programs has been
studied, it is evident that where least time pattern pro-
duces the greatest change in the teacher's background
knowledge, their attitude and classroom behavior, pre-
school workshops are ranked next with college institutes
during the school year being the least effective.

In summary, conditions for success in the implementation of a

curriculum change in science are: (1) teachers educated in-the use of

the curriculum in a program that offers both kn wledge of the change and

12
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opportunity for guided practice in working with small and large numbers

of children; (2) an opportunity for the teacher to use the curriculum

in a classroom with confidence in a school district commitment; (3) a

teacher who is willing to use the program; and (4) a principal who both

exerts a direct influence on the instruction in his building and who

perceives himself as responsible for this area of the school activity.

A number of research studies conducted in connection both with

this project and with the implementation of the curriculum innovation in

the State of Texas are reported in a separate publication: "Research

and Curriculum Development in Science Education." No. 2, ElementarY

School Science Implementation, The University of Texas publication.

The effectiveness of a curriculum innovation is directly de-

pendent upon the preparation of the teacher. Where, how and when a

teacher is to secure that preparation is a most important series of

questions. Teacher change is dependent upon at least the degree and

amount of administrative support for that change, and also upon the

opportunity for teachers to experience and practice the "new look" in

their classroom roles. The opportunities for experience and practice

come as part of a teacher education program which is directed by compe-

tent leaders of staff. Initially, this leadership staff may come from

outside the school system. But if change is to become a part of the

system, the source for change must eventually become a part of the home

base.

To initiate change from the home base, one approach has been

to structure awareness conferences in which the decision-maker has the

1:1
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upportunit_ to secure informatinn ahoHt thc. curriculum innnvAtinn. A

second step in this implementation model is the demonstration setting,

in which the decision-maker can examine further the changed classroom

procedures and question users. After taking advantage of these two

sources of information, the decision-maker can then choose whether or

not to adopt the program of change.

If adoption is initiated through the decision-maker, there

appears to be a third relevant step: to pilot test the innovation in

the local situation. Here the local experience will provide insight

as to the adequacy of the teacher education program, the appropriateness

of the curriculum materials for students and the capability of the local

schr-1 system for supporting the logistics required by the innovation.

This step usually requires the assistance of outside resources to direct

and guide the pilot use of the curriculum innovation.

The next step in the installati-- nf a program within a sys-

tem is the development of local leadershiF the implementation of

the curriculum innovation and the development and adaptation of the

curriculum innovation itself to meet local conditions. Depending on

the size of the system and the amount of resources, the installat on

process may take from two to four years.

The follow-up phase in implementing a program, its institu-

tionalization, is one in which the means are provided for continued

training of new members of the teaching and administrative staff and

continued effective utilization of the curriculum innovation is assured.

Figure 1 incorporates the three phases of implementation with

their relevant decision points. In this figure the nomenclature used is:

S = student, Tl = teacher, T2 = local leadership staff, 13 = regional

resource staff or staff of the local college.

14
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II. Objectives of the al Grant

Under the terms of the operational grant for the Curriculum

Dissemination Center the following objectives were established as guides

for action:

1. Demonstrate a curriculum innovation in science;

2. Demonstrate an inservice education program that
contains a model for inservice activity in other
subject areas;

3. Conduct leadership training and coordinate the
subsequent activities for staff of school dis-
tricts or regional service certers in the state;

4. Develop alternative approaches to inservice educa-
tion based on insights gained in the evaluation
activities.

For convenience of presentation, the activities related to

each of these objectives are separately prescribed.

Objective To demonstrate a curriculum innovation in science.

Pl an

To accomplish this objective, the initial plan included a

series of demonstration centers as locations in which interested school

personnel might both observe and discussion new curriculum innovations.

With the organization of the Regional Service Centers, the plan was

modified to incorporate this function into the operation of the service

center. The Curriculum Demonstration Center would then assist Regional

Service centers to de, lop demonstration schools within their regions in

which teachers of at least four grade levels would be using the curricu-

lum innovation.
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Progress

During the two-year period, demonstration school settings have

been generated in 12 of the ,Aional Service Crnters (Regions I, III, VII,

VIII, X, XII, XIII, XIV, XV, XVII, XIX, XX). The success of this plan

of more local information for decision-makers is indicated by the number

of regions which will continue the activity even after the funding of

the present project has ceased. Eleven of the 12 regions (Regions I,

III, VII, VIII, X, XII, XIII, XIV, XV, XVII, and XX) have confirmed

that they plan to continue their wr.rk which was initiated in cooperation

with this project.

Objective : Demonstrate an inservice education program that
can serve as a model for inservice activity in
other subject areas.

Plan

To implement a curriculum which emphasizes discovery by the

student, an accompanying staff development program is necessary, because

teachers often are not accustomed to conducting classes in the manner

in which the curriculum materials are organized. The staff development

program was to be directed toward a new approach in teaching elementary

school science. Evidence exists, however, that indicates a transfer of

teaching strategies developed within this staff development program

from science toward other curriculum areas (mathematics, social studies

and language arts). The innovation in the staff development program was

a constant focus on teaching children. More than half of the staff

development program is built around observing and interpreting the stu-

dent learning encounters, leaving the gate open for an overflow into

other subject areas.

17
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Progress

Flexibility in the des gn of the staff development program is

the keystone. The pilot program was structured on a released-time basis

for participating teachers. Eighty-six teachers were involved in the

pilot test. They participated in 11 half-day sessions during the school

year. Five of these sessions met once a week for five consecutive weeks.

After completing the third session, teachers began to use the instruc-

tional materials in their own classrooms. Sessions 6-11 were held

approximately one month apart. These provided for continual develon-

ment of science background of the teacher and an opportunity for teach-

ers to seek help and provide feedback from their classroom experiences.

The number of teachers in each grade level inservice session was approxi-

mately 10. Thus, all activity in a staff development meeting was directly

related to each teacher's primary interest--what was expected of her in

the classroom.

During the staff development sessions, teachers alternately

observed classroom demonstrations and analyzed these in follow-up dis-

cussions. In addition, teachers actively participated in the sessions

designed to develop an understanding of the meaning of the curriculum's

structure. These sessions enabled an understanding of the process

approach to teaching and provided background information in the science

content which was being used as a vehicle for communicating the program

structure. The teachers also were visited in their classrooms and

offered follow-up assistance to facilitate the implementation of the

program in the classroom. Based on the pilot experience and work of

18
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91 school districts, a series of alternative schedules for staff devel-

opment have been postulated and tested. As an illustration of the

flexloility, the following plans have been used:

A. Summer workshops for volunteer teachers, three-weeks
long; morning-only sessions with monthly after-school
follow-through meetings.

B. Summer workshops wi volunteer teachers, three-week
sessions; full day . 1th no follow-through schedule.

C. Summer workshops volunteers or stipends for full-day
sessions of one week with six follow-through meetings
scheduled during the school year.

D. Summer workshop with volunteers or stiperds for five
half-day sessions with or without folinv-nrcugh
schedules.

E. Summer workshops for two days with six full days of
released time schedule during the school year.

F. Summer workshop of six weeks, full day with stipends
and necessary follow-through scheduled during the
school year.

G. Released time during the school year of 11 half-days.

H. Released time during the school year with 8 half-days.

I. Released time during the school year with 7 full days.

J. Released time during the school year with 5 full days.

K. After-school staff development program of 31 hour sessions.

L. After-school program with 8 sessions.

M. An academic institute of 8 evenings of two-hour sessions
each week.

As has been previously noted, experience gained in the imple-

mentation of one curriculum innovation Science - A Process Approach has

indicated that the staff development of classroom teachers is a crucial

step in the process of implementation. Through the combined activi-Ae

19



e the Science inservice Project and the Curriculum Demonstrati,,n rentcfr

research evidence indicates that innovati,:a curricula such as Science_- A

Process A proach requires more than well-prepared teachers manuals and

student equipment. Effective translation of these materials into class-

room use follows only after additional training of the teacher. To this

end, the inservice program has been written by teachers and revised as

they have experienced needs in the classroom use of the innovation. This

inservice program has been designed to meet these two needs:

1. Inadequate academic background to use the curriculum
innovation, hence the need for a program to increase
teacher competence in the subject area.

2. Inadequate teaching strategies to foster inquiry and
individual responsibility in learnincj, hence the need
for aprogram to.increase teacher competence in the
teaching strategies for inquiry.

The key means by which specific needs have been id ntified has

been the use the teachers as a source of information about both problems

and their relev nt solutions. Following the activities of the 1964-65

school year, the staff development program was revised, utilizing the

suggestions of teachers regarding the activities they found most helpful.

These suggestions resulted from asking teachers what they wished would

be included in the staff development program if they had the opportunity

to roll the calendar back and start the year over again. The teachers

identified those specific kinds of experiences which they felt would be

most helpful in giving them the orientation and preparation for the use

of the curriculum materials. Their suggestions include "less talk and

more action" and demonstrations with children with analyses following

these demonstrations to identify why specific teaching strategies were

or were not used.
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After the 1965-66 school year, teachers were again given oppor-

tunities to suggest additions or deletions from the staff development

program. Specific suggestions included more emphasis on planning activi-

ties for teachers and science background sessions which are presented

in a manner similar to the way the teachers are expected to teach.

The focus of the problem of implementing an innovate,n becomes

the identification of strategy or organization for guiding the learning

experiences for children. Logically, a learning experience for teachers

should begin with illustrations of teachers teaching. This would con-

tinue with classroom practice and culminate with the analysis of experi-

ence. The reality of the educational encounter thus becomes the primary

means by which teachers can be confronted with the need for a new know-

ledge about teaching and guided in their development and the understand-

ing of an innovation.

Three assumptions comprise the ra ionale for this approach to

the staff development of a teacher. If the activities arising from one

of these assumptions are omitted, the objective of the staff development

program may well be far less than satisfactory.

Quite logically a teacher cannot be interested in change if

she has no knowledge of it or its potential; therefore:

Assum tion 1 is that knowled e of the innovation precedes
and is essential to its im lementation.

However, even if one has this knowledge, no action may result because

there is no commitment to change. Many brilliant speeches have inspired

little more than praise when action was needed. A key factor may be

that there was no need for action in that there was no commitment on the

21
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part of the teacher to any change in the classroom. Thus

Assum tiot 2 is that commitment to use the innovative
curricu um is essential its

Even with knowledge of change and a commitment to its implementation,

results may be far from satirfactory for both the teacher and the stu-

dent. What the printed page communicates varies in direct proportion

to the relevant past experience of the reader. Therefore,

Assumption 3 is that guidance in the use of the inno-
vation is essential to its implementation.

To be communicated adequately, such experiences must draw upon the

reality of the classroom to provide a rationale for real change. This

approach to staff development has as its primary focus the Ec.cational

Encounter. (See Appendix A for a more detailed description of the Edu-

cational Encounter.)

Objective Conduct the leadership training and coordinate
the follow-through activities for staff of
school districts or Regional Service Centers
in the state.

Plan

The initial information service and staff development of

teachers in a district was to be conducted by outside resource staff

of the Regional Service Centers (T ). During the year of pilot use,

local lead teachers (12 ) would be identified as scheduled for partici-

pation in a summer leadership training conference. This 12 could then

assume major responsibility for the inservice program at the local dis-

trict level under the coordination of the T3 and the Regional Service

Center.
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Progress

Durino the summer of 1967 sta f members of Regional Service Cen-

ters megions XIII, XIV, XV, XVI, XVII, and XX) participated in the first

leadership conference. One of the activities of this conferen.-e was for

these five individuals to design inservice sessions. These sessions were

then tried out in an inservice workshop and revised as needed. A feedback

session was held after each one of the inservice sessions with the direc-

tor and the staff. At the completion of the workshop, the T3s returned

to their respective regions to conduct workshops within that region.

Periodically, they returned to Austin for feedback on specific problems.

In addition to scheduling and conducting inservice activities,

they Ivere responsible for conducting awareness conferences with other

school diFtricts in their regions and in working with individual school

districts on the problem of procurement and distribution of equipment.

A second leadership conference was held during the summer of

1968 at which time 41 T3s and T2s participated in a series of activities

designed to prepare them to serve as effective inservice :a uctors

(see Appendix B for a full report of this conference). At the second

conference nine new 13s from Regions I, III, VII, VIII, X, and XIX were

added to the program. Twenty-eight local lead teachers (12) were also

involved from Regions I, VII, XII XIII, XIV, XVI, XVII, and XX. Thus

as a model for implementing change in science, the sequence described

in Figure 1 appears to be a successful approach. Its applications

to other subject areas has not been systematically studied. Similar

approaches are being utilized in new programs in social studies and,

to a limited extent, in bilingual educational programs. The success

23
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of this approach is in part reflected by the commitment of 14 of the

Regional Service Centers to continue to serve as an agency for pilot-

ing programs in their regions and in coordinating the programs in dis-

tricts when there is a commitment for complete implementation (Regions

I, III, IV, V. VI, VII, VIII, IX, X, XII, XIII, XIV, XV, and XVII have

indicated such a commitment.) Through this plan more than 3,000 teach-

ers are scheduled to participate in summer and school year staff devel-

opment programs during 1969-70.

Objective 4: Develop alternative approaches to inservice
education based on inslghts gained in the
evaluation activities.

Plan

Based on the experience with staff development programs and

feedback of teachers after one or two-years' experience in the use of

these programs, a modified staff development program was to be engi-

neered to include: (a) experience for the task by the teacher to gain

self-confidence and competence; (b) analysis of the task and design

of instruction -- the pre-active phase of teaching, including the

specification of subtasks, performance objectives and alternative stu-

dent involvement activities; (c) analysis of teaching behaviors and

the interactive phase of teaching, including focus on teacher and stu-

dent verbal and non-verbal behavior; (d) generalization of the task

to other subject areas, including analysis of the skills in science as

related to social studies, language, mathematics and music as well as

social interaction with students.

24
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ress

Basic to the validation of the paradigm of teacher education,

the Educational Encounter, are specified components of that paradigm

which can be systematically manipulated to observe effects on actual

achievement. Since April, 1968, a major amount of our time has been

directed toward the development of a series of modules that are a part

of the professional preparation of the Staff Development Prcgram. These

modules are systematically designed instructional packages structured

for efficient learner acquisition of specified behaviors. Each module

includes a statement of:

I. Objectives

Statement of what specific performance capabilities the
participants should be able to do by the end of the
module.

II. Rationale

Rationale, including general goals of the module, analysis
of the subtasks in the module, the relationship between
instructional activities of the module and the objectives,
description of the subtasks involved in each activity,
evaluation data on the use of the module during pilot
study grouping and related references to the module.

III. References

A listing of those references directly related to the
topic or content of the module and which would be most
relevant to the instructor.

IV. Materials List

In the module, various materials are called for. In this
list, they are specified along with the instructional
activity with which they are to be used.

V. Instructional Activities

A. Each module begins with a pre-appraisal which is
task-related to the module's objectives. Using this
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as a diagnosis of group or indlidual performance,
the instructor can then select i*ose activities
(the modules) which are designated for the objec-
tives the participants need.

B. The instructional activities are presented in a
step format as one way to assist participants to
achieve the behavioral objectives. Alternative
instructional activities are possible and many times
will be presented.

C. The appraisal activities are other situationc in
which the instructor can rediagnose the performance
capabilities of his group; based on this he can
make the decision to proceed or to go back and re-
teach.

VI. Duplicated Materials

Materials to be handed out to the students have been
assembled in a student work text. They are also included
in the module in two sets: one without answers and one
with acceptable responses included.

Thus, a module is designed to assist teachers to acquire spe-

cific behaviors. Does it? Answering this question involves the proce-

dure for the development of a module. As illustrated in Figure 6, fol-

lowing the initial writing of the module the author collected the

materials and taught the module to at least three groups of inservice

teachers. Modules developed to date have usually been presented as a

class session in a conventional methods course. A member of the staff

observed the presentation and maintained a running commentary of the

participant reactions, including specific poirts of confusion. Follow-

ing this pilot testing of the module, two basic questions were asked:

1. Is it teachable? Can the module be presented as written?

2. Are students able to achieve stated objectives as a re-
sult of the experience?
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Once the module has been taught in the trial version, it was

written and further pilot tests of the module were conducted by other

members of the staff.

Following the revision, a first experimental edition is

readied for field testing. Up to the point of field testing, the

module is generally used only by members of the project staff. Once

the module is in the first experimental edition, the module is avail-

able to 125 and T3s for field testing.

So that feedback information from field testing will be sys-

tematic and of the greatest possible use to the project staff, a

Module Feedback Form has been designed. The information from field

testing provided the basis for revision of the first experimental

edition. Following revision, the second experimental edition will be

field tes ed. Once the module is deemed ready, the material speci-

fications are stated and a final edition of the instructor's guide

and student section will be prepared for dissemination. In the prepa-

ration of the first experimental edition it is anticipated that

research studies will be conducted to determine the most effective

combination of filter elements for student acquisition of desired

outcomes. It is also anticipated that studies to determine the empiri-

cal validity of a sequence of behaviors will be possible.

Support for the development of the instructional modules has

been provided by the Research and Development Center on Teacher Educa-

tion of The University of Texas.

2 ,
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III. The Future

From an initial start with ten teachers in 1963 to nearly

9,000 teachers in 1969 and an additional 3,000 ',eduled for involve-

ment in 1970 the task of spanning the chasm between curriculum devel-

opment and changed classroom experiences for students has been started.

A source for an essential ingredient for this change, trained regional

and local leadership, has also been created as indicated by the in-

crease from one 13 in 1963 to 20 T3s in 1970 and no 125 in 1963 to

155 in 1970. A third essential ingredient in curriculum improvement:

A committed administration in the local school district has been in-

dicated by the adoption of this innovation on the basis of pilot test

experience in 91 districts in the State of Texas. As has been ina

cated with respect to each objective, the means by which the objectives

of this project -- namely implementing change -- will be continued

after the cessation of federal funding has been described. The planned

involvement of more than 3,000 teachers du ing the summer and the next

school year is an adequate indication that federal funds have been used

to initiate change and that local resources are now taking over the

responsibility for continuing both the initiation and maintainance of

that change.

Budget for this report (July 1, 1967 to July 30, 1969) is as

follows:

$537,079.00 to al cost
$101,899.00 total non-federal support
$306,108.00 total federal support under Title III TL89-10

$129,000.00 total federal support other than Title III TL89-10

$86,000.00 from The University of Texas Research and
Development Center on Teacher Education

$43,000.00 from the National Science Foundation through
the Science Education Center, The Uni-
versity of Texas
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THE EDUCATIONAL ENCOUNTER:
TOWARDS A PARADIGH OF TEACHER EDUCATION

Glenadine Gibb
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David P. Butts
Science Education Center

The University of Texas at Austin
and

The Research and Development Center
on Teacher Education

The University of Texas at Austin

Teachers teach, but do studens learn?

The complex experience of the teaching-learning interaction is, in

reality, an educational encounter. This encounter revesents an inter-

action of individuals with experience ranging from organized subject

matter to incidental events. These encounters may or may not have their

meaning enhanced by the direction of a more mature "guide" or teacher.

Three criteria must be met for an encounter to be termed educa-

tional. To educate means, literally, to lead out of. This definition

implicitly suggests that first one knows who is being led; second, where

they presently are; and third, where they are going. Thus, an encounter

must be considered as a personal event, an event with an intended direc-

tion for a behavioral change and based on where the individual is with

regard to that anticipated goal.

When the educational encounter is analyzed, some characteristics

seem to be clearly identifiable. In an encounter, there is the inter-

action of individuals--that is student with students or teachers with
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students. These interactions usually occur 4ithin an instruc onal con-

text. While instruction imposes some challenges and restraints on the

student-teacher interaotion, the social-organizational context of the

school and community provide additional restraints and challenges upon

this encounter. The encounter itself does not exist in isolation. It

is preceded by antecedents and is followed by lower remote achievements.

The total encounter could be pictured in the following way:

Antecedents

:Teac Student,

Aal_interation context'

ns ructional context

Social-orq#nizational context

ri u e 1

I Remote
. Achievements



Interaction

Based on the concept of the educational encounter, what the learner

does depends upon the varied cues which he perceives. It also depends

upon the importance the individual attaches to the cues he perceives or

how large these cues seem to the individual. Thus, the task of teaching

and learning is the task of processing individual perception of cues and

making judgmental responses. An example of the individual perception of

a cue is the student's interpretation of a teacher's statement, "Can you."

It might be interpreted as an intended direction or as a question, "Are

you able?" Such aspects of teaching L_havior mediate the communication

between the teacher and the student. The implication of the interaction

between teachers and students for a teacher education program is that

such a program must include information-processing behavior about cues

and their interpretation of the teacher as an individual, the student

as an individual, and the teacher-student as an interacting pair.

Instructional Context

Added to the context of the interaction of the student with student

and student with teacher are the characteristics of the classroom or the

instructional context. Students and teachers may perceive these cues

differently. For example, with respect to such cues as the location and

number of participants in the instruction, desks arranged in rows clearly

communicate to the student the intent of the teacher for audience passive

participation with single or at best small group "stage center" activity.

Desks arranged in clusters of four to six enhance the probability of small

group interaction. The instructional strategies of the teacher and student's
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interaction may be a function of the subject context. Specific instruc-

tional tactics will be dependent upon the timing of the task; that is,

the introduction of a study, the continuation of a present area of study,

or the conclusion of an area of study. Both students and teachers per-

ceive cues and make judgments about their behavior based on what cues

are perceived and how these cues are interpreted as fitting both the

instructional context and the extent to which this context is relevant,

challenging, and restrictive. The implication of the instructional con-

text for teacher education suggests that three kinds of information-

processing behavior are essential. The first category is the teacher as

a person knowledgeable in subject matter. The second category is the

teacher as a designer of instruction for children, and the third category

is a teacher as a decision maker in the instructional setting who secures

cues and judges them with respect to the children's response.

Social-Organizational Context
. _

Encompassing the instructional context is a social-organizational

context. This context includes school organization, community, and the

wider environmental context of both student and teacher. The social-

organizational context provides more distant cues. it is relevant to

note that presently most teachers maintain major control over the instruc-

tional context. Hopefully, teachers will share more than a minimal amount

of this control with students. However, most teachers and most students

have no control over the social-organizational context of the learning

encounter. The social-organizational context contains boundary conditions

for subject matter, students, and thus fo- teachers. One can hypothesize

33



that the degree of effective inter ction with the instructional context

is directly proportional to the clarity with which both the student and

teacher perceive the boundaries of the social-organizational context.

As a direct implication, it is essential in the teacher education pro-

gram that information-processing behavior about cues and their interpre-

tation in four areas be identified. The first area is the teacher as

a member of d larger system. The second is the students as members of

a larger environment. The third area consists of the opportunities and

the constraints of the environment on the instructional context of a

4-acher and student; and fourth, the opportunities for constraints of

the environment on a personal context on the interaction of teacher and

students.

Definition of Teaching

If the educational encounter includes cues of the personal inter-

action of students with students and students with teachers, the instruc-

tional context and the social-organizational context, then teaching is

(1) the perception of cues; (2) the classification of cues into perceived

order; and (3) making judgmental responses to these cues. This leads to

the general concept of teaching as being information-processing behavior.

Accepting this assumption, the task is then to educate a person to secure

information to process that information to act upon that information.

Sequences of Encounters

If the educational encounter is considered as a definable unit of

total experience, then it is possible to distinguish two sequences of
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encounters that are relevant to tearher education. It is nal qenerally

accepted that teacher preparation does not terminate with a college diploma

but continues as long as the teacher teaO s. Evaluation of a teacher

education program requires information about the effectiveness of the

teacher once he begins his career. The final and only real test of the

success of a teacher education program is the terminal achievement of the

pupils who are instructed by graduates of the teacher education program

An effective program for the preparation of teachers includes continuing

academic and job experience. The resulting teacher education program

thus consists of two sequences of encounters: the college sequence and the

school sequence. Each sequence has many intricacies and compounding

variables of its own in addition to the interaction between the two se-

quences. Figure 2 (see attached page 6a) is an illustration of these

sequences.

College Sequence

The coil ge sequence of teacher preparation begins with the student

entering the university. This sequence has two basic components: the aca-

demic foundations or liberal arts component, and the professional compo-

nent. In general, prospective teachers receive the same academic founda-

tion courses as liberal arts majors, foreign language majors and others.

In addition, little attempt is made to tailor courses to any unique needs

of prospective teachers. On the other hand, the teacher education pro-

gram is supposed to be ideally suited to the needs of future teachers.
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Upon entering college, students have a repertoire of behaviors,

specific personality characteristics, values, expe( ations, and academic

competencies. As a resclt of experiencing the college sequence of en-

counters, the student graduates and begins his professional teaching

career. At graduation the student has acquired new behaviors and compe-

tencies as well as changes in old behaviors and values and expectations.

At this time the college sequence graduate ente s the school sequence as

a teacher.

School Sequence

Like the student entering the college sequence, pupils enter school

with a repertoire of behaviors as well as certain developing characteris-

tics including values and expectations. As a result of toe school se-

quence of encounters the pupil leaves the school with modified old

behaviors and many newly acquired behaviors, values, and expectations.

One of the main factors contributing to the growth of pupils is the teacher.

A large portion of the effectiveness of the teacher factor should be attribu-

table to the college sequence.

As can be seen in Figure 2, pupil achievement in the school sequence

should act as feedback loop, providing a basis for accepting revision for

part (or parts) of the academic foundation or the professional components.

This feedback loop is one way of improving the encounter to the extent

that pupil /earning is the result of the teacher.

In summary, then, there are two sequences of educational encounter

essential in teacher education: the college sequence and the school se-

quence. The prospective teacher enters the college sequence with certain



behaviors an fl. receives training in both academic and professional compo-

nents. The actual achievement of the student is a range of attainment

in both number and level of desired behaviors. Likewise, the pupil enters

the school sequence and leaves the school sequence with certain acquired

behaviors. From research studies, it would seem possible to determine

how effective the teacier is in contributing to pupil achievement.

Knowledge thus gained should be the basis for revising the components of

the college sequence.

Four Si nificant Focal Planes

Based on the sequences of the educational encounters in Figure 2,

there are four specific opportunities at which comprehensive appraisal

of progress is essential. It is at these points that the range of expe

ences appear to be focused; they represent key decision points in deter-

mining what kinds of programs should be prescribed and what kinds of

modifications in the program ought to be made. These four focal planes

are: (F ) the desired outcomes of college students; ( F
2
) the actual

achievement of college students; (F3) desired outcomes of pupils; and

(F4) actual achievement of pupils (see Figure 2).

Referring to the instructional context of Figure 1, the desired out-

comes of the college sequence of encounters have been generated by at

least three referent groups. Schools and society continually are requi ing

certain competencies of teachers; the professional educator has his set

of expected behaviors; and the student entering the program has his set

of desired outcomes. These three referent groups, however, do not always



have a congruent set of expectations. Lndeed, it appears that there are

some expectations that may well be perceived as being in conflic . Un-

less there is a common understano i and agreement on the desired out-

comes, the effectiveness of the teacner education program will be se_ ous-

ly reduced.

Categories of Desired Outcomes

Using the information gained from the three referent groups for t e

instructional context, it is possible to specify three categories of de-

ired outcomes for the college sequence. For each of these categories,

a set of behaviors can be specified based on the concern level of the

student. Dasic to our frame of reference is that changed behavior will

be in response to perceived cues. If changed behavior is a response to

perceived cues and if concerns bias that which we perceive, then it fol-

lows that the concern level of the student must be one basis for sequenc-

ing behaviors within natego:es.

The three categories of behaviors for the instructional context e:

1. Task competence; that is, awareness of a specific task
and experience in doing that task.

2. Instructional design; that is, the pre-active phase of

teaching. The translation of the task into experiences
suitable for pupils. This includes analysis of the task,
specifying behavioral objectives for the task, selecting
alternative instructional experiences and designing pre-

and post-appraisal activities.

Instructional decision making; that is, the interactive

phase of teaching. The act of using instructional materials
with students and with this use the identification of
effective strategies for interacting with pupils. A second

outcome of this phase is the opportunity to secure feed-

back on the instructional design for utilization in its

modification.
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Figure 3 illustrates how the behaviors of the instructional con-

text are sequenced based on the concern of the student.

A note of caution should be inserted -ere. Figure 3 represents an

hypothesized sequence based on experience. Systematic research is needed

to determine the empirical validity of this sequence and its relevance

to the concern level of the student.

Encounter Filters in the College_ Seqpence

Clearly defined desired outcomes a- e important but are they the

necessary and sufficient condition for successful achi vement of these

outcomes? There appears to be a series of filters between the entry and

the exit of the encounter. These filters are:

1. the student;

2. the instructor;

the conditions that surround the learning situation;

and

4. the interaction of the instructor with the student.

To facilitate student achievement of desired outcomes in the college

sequence, a system for learning must be established. In this system (see

Figure 4) these four filters contribute to systematic achievement. The

filters are subdivided into specific elements which can be utilized in

an instructional situation (see Figure ). It should be pointed out that

various sample elements described here are very large in scope and greater

specificity of elements within the filter is possible.
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Student Filte- The first filter to be considered is the stud_n

filter. What internal conditions and variables of th learner affect his

actual achievement? These elements include such items as intelligence,

aptitude, age, sex, mental maturhy, etc.

Instructor Filter. The instructor filter is a broad classification

that includes such elements as a full professor, a guest lecturer, a

graduate teaching assistant, and a computer. Another example of an ele-

ment in this filter is a textbook or_printed program material.

Conditions for Learnin Filter. Conditions for learning would con-

tain such elements as whether instruction occurs in a classroom setting

of 30 or at a computer console on a 1 to 1 basis or perhaps a seminar

with six students and a group leader. Other types of conditions can be

specified and placed in cells within this filter.

Interaction Filt r. Once the elements of the conditions for learn-

ing filter and the instructor filter have been identified, there must be

an interaction with the learner--in this case, the student. The type,

frequency, and variability of the interaction behaviors will depend upon

what the conditions for learning are, as well as what the instructor

factors are, One example might be the interactions expected if the con-

ditions for learning element is a computer console and the instructor

element is a compter which will result in different kinds of combinations

than if the conditions element is a clasroom with 30 students and the

inst uctor element a full professor.
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Enc un er Filters in School Sequence

In a similar way pupils' achievement at the focal planes 3 and 4 is

directiy related to the four filters of the instructional context. For

example, when the conditions for learning filter is considered, various

elements of th,s filter can be identified such as normai classroom situa-

tions where the teacher uses a question and answer cycle, laboratory

investigations or the watching of an ETV program. Elements of the in-

st.lictor filter n the school equence should have a great deal of

specificity since the teacher has just graduated from the college se-

quence. His repertoire of behaviors and his degree of achievement of

this repertoire have been specified. The interaction filter again in-

cludes such things as whether it is pupil-teacher interaction, pupil-tape

recorder interaction or pupil-computer interaction, etc. The student

filter is complex an, contains many difficult to specify items, such as

IQ, mental maturity, attitudes, aptitudes, class achievement sex, and

so forth. Here again, though, each element within each filter affects

the actual achievement of the desired behaviors. By varying the elements

chosen .or the achievement of a specific behavior, the sequ- ele-

ments which results in the greatest individual pupil achievement of each

behavior could be identified.

It is hypothesized that the relative contributions of varying ele-

ments of a filter are probabilistic. Once the characteristics of the

individual learner have been specified, the actual element employed for

a given filter will contribute a certain amount to learner achievement.

It is further hypothesized that the amount of contribution by a specific

element is quantifiable relative to other elements in the filter.

45
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Summary

Teachers teach, but do students I am?

The search for operational answers to this question has led to many

alternati descriptions of the complex encounter between students and

teachers. Examination of this encounter suggests that it includes iden-

tifiable outcom-s for the encounter, specific components for the encounter,

and the actual student achievement as a result of the encounter.

Further analysis of the encounter suggests that the central core is

inter-personal interaction of teachers with students and students with

students. Surrounding this interaction are those topics for intended

instruction--or the context of instruction. Env loping the context of

instruction is the social-organizational context of the school and society

from which the goals of instruction are secured. Each of these three

groups--student, teacher and school-- contribute to the description of

desired outcomes of the encounter and, to some extent, each contributes

to actual learner acnievement. Encounter sequences are identified on

both the college level and the school level.

When one considers the desired outcomes of instructional context

at the college level, input from the schools, professional education,

and the student has resulted in the specification of three categories of

behavior.

They are:

1. Competency in doing the task;

2. Design of instruction or pre-active phase of teaching; and

3. Instructional decision making or interactive phase of teaching.

46
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The same three referent groups again have an input into the actual

encounter both with the college a d school levels. Filters of this en-

counter have been described as those factor- which are directly related

to the achievement of specific objectives. These filters include:

1. the student;

2. the instructor,

3. conditions for learning; and

4. the interaction between instructor and student

The primary goal of teacher education is for teachers to enjoy teach-

ing and for students to enjoy learning. Within the context of specific

disciplines, this is translated into the primary goal of the Mathematics-

Science Module Building Group that is for teachers to enjoy teaching

mathematics and science and for students to enjoy learning mathematics

ind science.

47



APPENDIX B

48



FINAL REPORT

1968

LEADERSHIP CONFERENCE

Science Inservice Project

Curriculum Demonstration Center
of the

Austin Independent School District

and

Science Education Center
of

The University of Texas at Austin

and

The Research and Deve1opment Center
on Teacher Education

at
The University of Texas at Austin

David P. Butts

R. Scott Irwin



FINAL REPORT
1968

LEADERSHIP CONFERENCE

Science Inservice Project
Science Education Center

The University of Texas at Austin
July 15 - August 2, 1968

INTRODUCTION

The 1968 Leadership Conference at The University of Texas

was designed primarily for individuals with responsibility in continu-

ing teacher education programs in the implementation of new curriculum

in science in the elementary school. These individuals came from

school districts (12) and Regional Service Centers (13) and represented

a cadre of resource individuals for the task of implementing improved

science curriculum in elementary schools. Selection for participation

in the conference was based on recommendations of school district ad-

ministrators or Service Center directors.

A second group of participants included classroom teachers

(11) who were concerned with improving their approach to the teaching

of science. Many of these used this opportunity to secure college

credit for the conference and all voluntarily participated in the con-

ference. Table 1 summarizes the background of the participants.

Table 1

Professignal_Bacisground of Conference Participants

Classroom Teachers (T1)

Primary

Intermediate

Lead Teachers (T2)

Regional Service Center Staff (T3)

31

24

26

10

Science Supervisors and Administrators 5

50
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OBJECTIVES OF THE CONFERENCE

Because of the nature of the participants, there w2re two

sets of objectives for this conference. At the completion of the con-

ference, the class oom teachers (T1 -) should be able o-

1. Identify and demonstrate the use_of teaching strategies
which are compatible with the philosophy of Science -_A
Process Apprcach. This should include such strategies as:

a. describing situations in which students can raise
questions, construct procedures, and demonstrate
appropriateness of conclusions;

describing classroom situations which illustrate
willingness to wait for appropriate responses
l'ather than tell the "correct" answer;

c. identifying learning situations which involve
active participation rather than passive listening;

d. describing questions which are posed to secure
thinking rather than those with a single "cortect
pat answer fr n the student;

describing learning experiences in which students
have the satisfaction of completing a worthwhile
task;

f. distinguishing between classroom experiences that
are directed toward behavioral objectives and those
that are "side excursions" into other areas;

g. describing student achievement in tefts of observed
behavior rather than opinion of what behavior ought
to be present;

h. identifying goal achievements through assessment
of student behavior.

2. Demonstration of the acquisition of specific behaviors
and knowledges which are part of the structure of
Science - A Process A proach, including the following:

a. distinguishing similarities and differences in
objects and events;

distinguishing between observations and in ences;



identifying the unit or uni
appropriate to a particular

of measurement
ask;

d. stating observations in terms of precise posi-
tion or motion description;

e. identifying shared properties of objects or events
and using these in the construction of classifica-
tion systems;

g.

const..ucting statements of expected observations
based on past observations;

stating observations in quantita ive terms when
appropriate;

h. constructing a scheme for recording data so that
interpretation of that data may be distinguished
from the data.

In addition to the above objectives, at the end of the con-

ference each of the school district leaders (T2) or the Regional Ser-

vice Center staff (TO should be able to:

1. Describe the curriculum, Science - A Process Approach
its rationale and psychological basis;

2. Construct science experiences for studerts which illus-
trate the programs rationale;

Apply the structure of Science - A Process ApPrbach to
directing learning experiences with students;

bescribe a teacher education program for Science - A
Process Approach;

Demonstrate the teacher education program with class-
room teachers;

6. Identify classroom events which are not in resonance
with the fidelity of Science - A Process Approach;

7. Construct alternative solutions to the problem of
implementing programs back home; i.e., identify
sources of resistance to change and apply appropriate
strategies. This includes demonstrating the initia-
ting, the intervening, and the receptivity skills
such as involved in giving and receiving feedback.
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The Leadership Conference was organized around a dual schedule

with 1- s and T2s participating 1.1 a variety of leadership training

sessions each morning. Then these 125 and T3s assumed the role of in-

structor for the afternoon sessions in which classroom-teachers (T

were the participants.

In order to make each person's involvement in the total con_

ence as relevant as possible to his expected role upon the completion

of the conference, all participants were assigned to one of six groups.

Activities within these sub-groups were based on grade levels 1-6. Al-

though some general sessions involved al. darticipants in one large

group, much of the 15 days of the conference were spent in the sub-group

sessions. The agenda and complete program with a roster of participants

are in Appendix A.

During the morning sessions, the 12 and T3s constructed al-

ternative strategies for conducting inservice programs and a variety

of sequences for implementing new science curriculum. They spent much

time working on the task of helping classroom teachers implement a

program which included designing agareness conferences for the school

administrators and decision-makers for allowing the program to start.

Additional time was spent in developing strategies for working with

building principals and involvement in the classroom.

Specific activities during the morning sessions for T2s or

135 involved sessions dealing with such problems as:

What decisions must be resolved while planning to
conduct an inservice session?



What alternative inservice modules or teaching educa-
tion sessions to guide in the planning and conducting
of inservice are available?

c. What alternative activities to those suggested in the
existing guides can or should be constructed?

What is the role of lead teachers conducting demonstra-
tions with children in science?

e. What is the place of low ratio teaching and the accom-
panying feedback for inservice?

How do you handle inquiries about science equipment
and materials?

What is the classroom teacher's own perception of her
role in a process centered program for children?

h. How do you conduct "Awareness Conferences" for schools
not familiar with new programs and in this way hahile
concerns of administrators?

1. What should follow-up activities include?

j. What does research say about the new science programs
and the kind of inservice which should or should not
accompany their adoption by a t:chool district?

Since T s and T s must work with adults in the change process,
2

these experiences included a study of their own interaction with others.

The study included the use of:

a. Fishbowl technique in which each group works with a per-

son trained in the group process and the trainer observes the group

while it works on a task (e.g., deciding how to implement a new curricu-

lum in science ) and furnishes feedback to individuals on moves, tech-

niques, habits of interaction that either help or hinder attainment of

ne group task; other observers then give their feedback in terms of

specific suggestions for changes in behavior to be tried; the group

returns to the task and tries toiractice the suggested behaviors.
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b. Meeting and co ia wi h overt resistan,e; that is a pool

of back-home problems anticipated or actually encountered in trying to

get new programs in science ins uted was developed by participants.

Suggestions for solution strategies were given by participants, and

then they tried role-playing.

c. Role playing. The suggestions to get some practice a

coping with a range of responses. Agair feedback plaed a part in the

training. After trying a role, tne group coached a participant, and

he tried again. The director of the institute and other members of

the staff served as the role-person to he changed. The experience of

these three in implementing new programs providing them with a wide

range of type of resistance different kinds of school personnel offer.

Conferees "met" all these types in role-playing.

d. Feedback. Techniques for getting and using feedback

were practiced in the ways described so far but in one additional way

The groups regularly return reaction shaets to sessions in which they

participated. Remaeks were collated and returned to the group and the

instructor used them as a vehicle to teach the group on how to give

and take feedback. Initially, participants were hesitant to be candid

and many times they did not know how to be cor'::ructive. In the

necessity to manaae their feelings about saying something perceived

to be critical, they omit the part of feedback which is critical to

change, namely constructive alternatives. With training, the group

came to perceive direct feedback as vital to program planning. When

that happened, both the giver and the receiver were ready to profit

from it.
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rhe afternoon sessions for Tls were conducted by the T2s or

T3s. These sessions were planned by the lead teachers during part of

their morning sessioos and included a balanced blend of sessions involv-

int both the preactive and the interactive phases of teaching. Included

among some of the preactive sessions for teachers were:

a. An introduction to Science A Process Approach.

b. Setting individual goals for the conference.

c. Planning to teach children in a low--eelo situation.

d. Sessions on each of the basic processes of Science - A
Process Approach: Observing, Classifying, Communicating,
Inferring, Measuring, Using Space/Time Relationships,
Using Numbers, and Predicting.

e. Stating and cequencing behavioral objectives for in-
struction.

f. Constructing alternatives to a written exercise.

The sessions directed toward interaction with children were:

a. Low-ratio teaching involving more than 100 children
whose parents volunteered to bring (some ;Wed to
watch) and pick up their children for an hour of
science excitement.

b. Feedback, giving and receiving constructive observa-
tions of one's teaching.

c. Observing demonstration classes taught by a lead teacher.

d. Practice in making instructional decisions based on a
filmed sequence of a classroom situation.

At the end of the conference the T2s and T3s were given the

opportunity to give specific feedback as to how they perceived the

relevance of the conference to their perceived needs (See Appendix B

for a copy of Operation T Blast). All six teams rated the experien-e

of malCng presentations to the Tls as the most useful part of the con-

ference. The discussion of patterns and content of the inservice

E(1,



session was the second most useful aspect. In general the fishbowl

type of sessions were rated as the least valuable; for example, the

fishbowl experience in how to structure low-ratio teaching was given

the least useful rating. Table 2 lists the sessions as ranked by

the oroup as being most useful to them. Table 3 specifies how sub-

groups perceived the total conference.

Based on feedback at the end of the conference (see Appen-

dix B for Feedback Form) the Tis rated the teaching demonstrations

as a positive contribution (44 and 41 on a 61-point scale). They

rated the opportunity with team leaders as quite important (48).

The T
1
s described the oportunities to work with other

teachers as iastructors as most helpful. Some of these specific com-

ments were:

"We received a lot of help from these people who've
had some experience with the process approach."

"They took time to answer questions and explain
things to us on a one-to-one basis."

"The lead teachers provided us with a real sense
of security. We had not only lead teachers but
workshop staff who always took time and were will-
ing to help."

"Very helpful; they really communicated."

Constructing an exercise was perceived to be the least use-

ful by the Tls while the session on Behavioral Objectives, Communicatirg

and Classifying, Communicating and Predicting, were seen to be the most

useful. Specific comments on the Bheavioral Objective sestions were:

"It gave me a much better understanding of good
objectives.'

"There wasn't any doubt when the session was over
as to behavioral or non-behavioral objectives."
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Table 2

12 s and 13 s Ranking of Conference Sessions

1. Presentation of sessions to T
1
s

2. Session on the pattern and content of inservice programs

3. Team level conferences with team leaders

4. Organizing the structure of an inservice program

5. Analysis of the structure of an inservice program; the preactive
and interactive phases

6. Analysis on why have demot:stration classes

7. Participation in low ratio taaching

8. Overview of the entire conference

9. Fishbowl on planning an inservice session

10. Review of the instructor's guide and resource materials

11. Role playing on film and feedback techniques

12. Constructing an exercise

13. Review of research results

14. Fishbowl on planning an Awareness Conference

15. Handling questions of school administrators and supervisors

16. Analysis of equipment and prices

17. The self-diagnosis through pre- post-testing.

18. Presentation of the observation session by one member to the
entire group

19. Fishbowl on how to structure the situation for low-ratio
teaching

58



Grade Level
Team

1

2

3

4

5

6

Table 3

Most Useful Least Useful

Discussion of pattern and
content of inservice pro-
grams;

Organizing the structure of
an inservice program

Presentation of the Obser-
vation session;

Analysis of why have demon-
stration classes

Presenting sessions to T1s;
Team level conference

planning time

Participation in low-ratio
teaching;

Presenting sessions to Tls

Presenting sessions to Tls;
Organizing the structure'

of an inservice program

Team level conference plan-
ning time;

Presenting sessions to Tls

10

Presentation of the Ob-
servation session to
the total group;

Fishbowl on how to struc-
ture the situation for
low-ratio teaching

Review of research re-
sults;

Fishbowl on planning an
Awareness Conference

Fishbowl on how to struc-
ture the situation for
low-ratio teaching;

Fishbowl on planning an
Awareness Conference

Analysis of equipment
and prices;

Pre- post-testing

Presentation of the Obser
vation session to the
total group;

Fishbowl on how to strut:-
ture the situation for
low-ratio teaching

Presentation of the Obser-
vation session to the
total group;

Fishbowl on planning an
Awareness Conference



"Excellent sessions."

"The action words provided the key to a central
behavioral objective as well as what to look for
in the child's performance."

The opportunity to work with children during a cellege course

was a new experience for most of the participants. The experience was

consistently rated as one of the most useful experiences of the confer-

ence. In describing how they felt about the experience, their comments

were:

"The planning was well done; all materials were
ready at the station."

"The positive enthusiasm with which the task of
low-ratio teaching was described to classroom
teachers had a lot to do with how well they re-
ceived it."

"The congenial manner in which T2s helped the T-is
plan their lesson helped everyone relax."

"The experience gave me a good beginning picture
of what this process approach is all about."

"I now know an approach to teaching a child that
I did not know previously."

"As-a teacher of children I learned I must recon-
struct my questions so that I am getting informa-
tion, not telling it."

"Being confronted with two children of different
ability in a one-to-two lesson really dramatizes
the kinds of individual differences we don't always
detect in a class of 28 children."

"I now feel more secure in teaching children in a
process approach. It wasn't nearly as frightening
as I expected."

"Most of the Tls observed the kind of boundless joy
children can display in a real learning situation
and they enjoyed the chance to work with a specific
exercise at their grade level."

60
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Although the session on giving and receiving feedback was not

rated high (42), it did elicit some insightful comments:

"It was the most outstanding of all sessions."

"Perhaps I can now offer more specific help to my
student teachers."

"This provided some great rules for anyone to
follow in sharing observations."

"It was enjoyable, and it sure got the point over."

"I never enjoyed a more candid, constructive look
at my own teaching."

Grade level as a contributor to the Tls' perception of what

they had found relevant was rather obvious.

Table 4

Grade Level Most Useful

Table 4 summarizes this.

Least Useful

1 B(ihavioral Objectives Teaching demonstration

2 Using numbers, ccmmii-
cating, classifying,
measuring

Observing

3 Measuring Usir umbers

4 Measuring Con ructing an exercise

5 Measuring Con tructing an exercise

6 Communicating and Using space/time rela-
predicting tionships

It has been said that the total may, on occasion, be more than

the sum of its parts. This apparently was true for the entire conference.

Its total rating (53) was higher than the rating for any individual part.

Some comments vihich reflect this rating, however, were:
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"A great learning experience! The demonstrations
were particularly helpful."

"My classroom materials are now more easily inter-
preted."

"Before this conference, science was some simple
experiments I squeezed into my social studies units,
if there was time. Now I can't wait to return to
my classroom."

EVALUATION

A keystone of the conference was the emphasis on self-diagnosis.

"Know thyself--thY strengths and deficiencies"' 4as ,

Throughout the conference all partiCipants spent time with two diagnos-

tic instruments, Teacher Profess Measure and Instructional Decisions

Test, to assist them in determining specific areas which needed intense

attention. This information was available the day after taking the

instrument and was then utilized in the planning of instm7Lional activi-

ties.

The Teacher Process Measure is an instrument developed by the

Commission on Science Education of the American Association for the

Advancement of Science to measure competence in using basic science pro-

cesses in solving problems. Results for all participants are shown in

Table 5.

Figures 1 to 9 are the comparisons between T1s, T2s, and T3s

on both total and sub-scores. Examination of these figures suggest

that 135 made the greatest gain.
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Table 5

TEACHER PROCESS MEASIME: MEAN SCORES

Max - 49 Form A and B

Grade Level Pre Post Change

1 28.7 38.2 9.5

2 22.2 30.8 8.6

3 25.4 40.2 14.8

4 29.6 40.7 11.1

5 30.5 43.2 12.7

6 28.2 32.1 3.9

7 30.3 40.0 9.7

OVERALL MEAN 27.4 34.5 7.1

Lowest 5 10

Highest 47 48

Range 42 38

63
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A second set of outcomes for the conference included inter-

active behavior. The Instructional Decisions Test is a set of filmed

classroom sequences which presents an instructional problem. As a

classroom session is in progress, the film is stopped and participants

describe "what the teacher should do next." Figures 10 to 14 illustrate

the comparisons of scores of the T1s, T2s, and 135 on parts of this

instrument. Clearly, the Tls show the greatest change.

70

67

60

55

50

45

3 1

40

5

30

25

20

15

10

5

y

1
T2 3

Figure 10
Instructional Decisions Test

Total Score

68
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AS WE BEGIN

Few of us realize how short the career of what we know as "science"

has been. Three hundred fifty years ago hardly anyone believed in the

Copernican Planetary Theory. Optical comhinations were not discovered.

The circulation of blood, the weight of air, conduction of heat, the loss

of motion were unknown. The common pump was unexplained. There were no

clocks, no thermometers, no general idea of gravitation. The spirits moved

the planet; alchemy, magic and astrology imposed action through belief or

fear.

Because someone challenged those beliefs; because an organized approach

to try to find out what they were eoing to do after they could not do what

they had planned to do; we now have an impressive array of formulas, tax-

onomies and theoretical constructs. Me have both the results of 350 years

of questioning and the process by Yeich these results have been obtained.

The essence of science is inauiry. Inquiry may be described as a

structured way of asking auestions and seeking their answers. Science -

A Process Approach represents one effort of an experimental ann-oach to

science instruction. ''nch , emphe,,izes tLe bzuuents explc ,aq

his environment, the Candling and manipulation of that environment. it also

directs the student to exnlore the largely untried realm of thinkir- throueh

the relating events, having ideas and testing his ideas. Explorat: in ef

the environment and thinkino are extended throunh exploration and o-ge izing

oneself tc explore, in evaluating one's deductions, in making mista.es and

in impronine one's anproach to seeking for understanding.

Through a nrocess approach a student is learning eaely to mani ?ate

and cont-ol aspents of =els env:ronment through guided ex loration.

74
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orocess approach to the teaching of science miaht be simply described

as a student learning to do by doing. This is not nuite complete. He learns

by guided doing. The role of the teacher is one who structures the learning

situation, one who carefully oatches and listens to the learning activities,

one who stimulates and encourages the learner, one ven provides background

and direction for the learner to skillful euestioning.

Education in the sciences, as in other areas, starts where the child is.

To use effectively a process approach to the teaching of science instruction,

you, as the teacher, must assess where the child is and use curriculum mat-

erials to bridoe the gap and extend the child's experiences in science. You

must be aware of and sensitive to the thinking of children.

The Science In-Service Project is desinned to explore a variety of means

by which you may find assistance in sharing the joy of intellectual disc

with your students, and increase their awareness of an ability to use struc-

ured ways of seeking questions and their answers.

Acknowledgement is made of the Commission on Science Education of the

American Association for the Auvancement of Science which sponsors the devel-

onment of Science - A Process Aporoach, for their cooperation in permitting

these materials to he used in your classroom.

The Science In-Service Project
David P. Butts, Director
Science Education Center
The University of Texas at Austin



3

SCHEDULE

MONDTY, JULY 15, 1968

LEAD TEACHERS:

9:00 A.r. - Overview of the Conference

10:00 A.M. - Informal discussion with coffee

10-30 A.M. - Task analysis and assignment - that is -

Who will do what?

12:00 Noon - Lunch

115 p.. - Review of Instructor's Guide and materials

2:15 P.M. - Self fliagnosis

4-00 P.M. - Adjourn



TUESDAY, JULY 16, 1968

LEAD TEACPERS:

9:n0 r.14. - Planning an In-Service session

10:15 A.M. - Informal discussion with coffee

1030 A.M. - Team Conferencn

12:00 Moon - Lunch

1:15 P.M. - Handling Teacher's Resnonses

2:30 P.M. - Improving Communicating Skills - the

presentation of an in-service session

betmen teams.

4:00 P.M. - Pdjourn



5

UEDNESDAY, JULY 17, 1968

LEAD TEPCHERS:

9:00 A.M. - Involverent of Teachers in In-Service -

focus on sharing in-service sessions

betNeen teams.

10:15 A.M. - Informal discussion with coffee

10:30 A.M. - Team Conference and prepoation

12:00 Noon - Lunch

BEGINNING OF TEACHER IN-SERVICE PROGRAM

ALL PARTICIPANTS:

1:00 P.O. - Nelccme and Introduction to Science and

Children - Science - A Process Approach

2:00 P.M. - Goal setting for the conference

2:20 P.M. - Informal discussion with coffee and coke

2:45 P.r. - Finding where we are

4:00 P.M. - Adjourn
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THURSDAY, JULY 18, 1968

LEAD TEACHERS:

9:00 P.M. - Prenaration for Lot:, Ratio Teaching -

Strategy Conference on how to present

the task.

10:00 AM. - Informal discussion with coffee

10:30 A.M. - Team Planning

12:00 Moon - Lunch

ALL PrPTICIMTS:

1:00 P.M. - Handling the Task of Deciding about

Instruction

2:00 P.M. - Informal discussion with coffee and coke

2:30 P.M. - Observing, the basic stuff of science

3:30 P.M. - Structuring the Low Patio Teaching Session

4:00 P.M. - ;\ljourn

741
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FRIMY, JULY 19, 1c:68

LEAD TFACNEPS:

9:00 A.. - The Two Faces of Teaching - Pre-active and

Interactive. What do teachers expect of

themselves?

10:00 P.M. - Informal discussion with coffee

10:30 A.M. - Team Planning

12:00 Noon - Lunch

ALL PARTICIPANTS:

1:00 P.M. - Low Ratio Teaching (Teaching - 45 minute period)

2:30 P.N. - Informal discussion with coffee and coke

3:00 P.I. - Structure of an exercise

3:30 P.M. - Feedback - does it help build up - or build down?

4:00 P.M. - Adjourn

80
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MONDAY, JULY 22, 1968

LEAD TEACHERS:

9:00 A..M. - Handling inquiries about materials

10:00 A.M. - informal discussion with coffee

10:30 A.M. - Tem Planning

12:00 Noon - Lunch
(

ALL PARTICIPANTS:

1:00 P.M. - Low Ratio Teaching - Two to Two

2:30 P.M. - Informal discussion with coffee and coke

2:45 P.M. - Stating and sequencing objectives for

instruction

4:00 P.. - Adjourn
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TUESDAY, JULY 23, 1968

LEAD TEACHEPS:

9:00 A.M. - Demonstration classes - should we? If so,

for what reason?

10:00 A.O. - Inform discussion with coffc_:

10-30 A.M. - Tea -lar Ang

12:00 Moon - Lunch

;ILL PARTICIPPNTS:

1:00 P.1. - Demonstration class

1745 P.M. - Teacher analysis

2:00 P.M. - Informal discussion with coffee and coke

2:30 P.M. - The Process of Inferring

4:00 P.M. - Adjourn
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VE0NESn4Y, July 24, 1968

LEAD TEACHERS:

9:00 r.r. - Conducting Awarenes, e erence -

nemonstration and Dis Jssir

10:30 A.M. - Informal discussion wi- c,ffeE

11:00 A.M. - Team Planning

12:00 Noan - Lunch

ALL PARTICIPANTS:

1:00 P.M. - Using Snace/Time Re1atic-

2:30 P.V. - Informal discussion witf- coffee and coke

3:00 P.M. - Constructing an Exercise

4:00 P.M. - Adjourn

83
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TNIRcDAY, JULY 25, 1968

LEAD TEACHERS:

9:00 P.M. - Handling concerns of Administrators

Teachers

10:00 A.M. - Informal discussion with coffee

10:30 A.n. - Team Planning

12:00 Moon - Lunch

ALL PARTICIPANTS:

1:00 P.P. - Lot.. Ratio Teaching

2:30 P.P. - Informal discussion 1.1th coffee and coke

3:00 P.M. - Using Numbers to Extend Observations

4:00 P.P. - Adjourn

84
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FRIDAY, JULY 26, 1968

LEAD TEPCHERS:

9:00 A.11. - Strategics in structuring an in-service

program and its follow-up

10:00 A.M. - Informal discussion with coffee

10:30 A.M. - Team Planning

12:00 Noon - Lunch

ALL PARTICIPANTS:

1:00 P.N. - Low Ratio Teaching

2:30 P.P1. - Informal discussion with coffee and coke

3:00 P.M. - Extending Observations through Communicating

and Cla,sifying

4:00 P.P. Adjourn
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MONDAY, JULY 299 1968

LEAD TFPC:iERS:

9:00 A.M. - Pevielf; of Pesearch Pesults in the imolrnen tion

activities of t'le Science In-Service Proje

10:00 A.M. - Informal discussion with coffee

10:30 A.M. - Team Planning

12:00 Noon - Lunch

ALL PARTICIPANTS:

1:00 P.M. - Demonstration

1:45 P.M. - Teacher Analysis

2:00 p.r. - Informal discussion with coffee and coke

2:30 P.M. - Ouantifying Ohservations - or the Process of

easuring

4:00 P.M. - Pdjourn

8C)
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TUESDAY, JULY 30, 1968

LEAD TEACHERS:

9:00 P.M. - Current Concerns

10:00 A.O. - Informal discussion with coffee

10:30 A.M. - Team Planning

12:00 Moon - Lunch

ALL PARTICIPANTS:

1:00 P.N. - Low Ratio Teaching - with a self constructed

exercise

2:00 P.M. - Informal discussion with coffee and coke

2:30 P.M. - Communicating and Predicting

4:00 P.1. - Adjourn
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VEDNESDAY, JULY 31, 196C

LEAD TEACI:ERS:

9:00 A.M. - Ne look ahead!

10:00 A.M. - Informal discussion with coffee

10:30 A.M. - Team Planning

12:00 Nqon - Lunch

ALL PARTICIPANTS:

1:00 P.M. - Low Patio Teching, with self constructed

exercise

2:30 P.M. - Informal discussion with coffee and coke

3:00 P.M. - The Integrated Processes

4:00 P.r. - Adjourn
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THURSDAY, ALMST 1, 1968

LEAD TEACHERS:

9:00 A.M. - Planning Time

10:00 A.M. - Informal discussion with coffee

10:30 A.M. TAam Conference

12:00 Moon - Lunch

ALL PARTICIPPNTS:

1:00 P.M. - Handling instructional decisions

2:00 P.P - Informal discussion with coffee and coke

2:30 P.,3. - Looking at our progress

4:00 P.M. - Pdjourn
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FRIDAY, AUGUST 29 1968

LEAD TEACPIRS:

9:00 A.M. - Revision of the in-service sessions

10:00 A.M. - Informal diccnssion with coffee

10:30 A.'1. - Continued revision of in-service sessions

12-00 Moon - Lunch

ALL PARTICIPANTS:

1:00 P.M. - Standing on the shoulders of our experience

2:30 PM. - Adjourn
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SCIENCE AND THE CHILD

David P. Butts
Science Education Center
The University of Texas

"Class, look at this picture, and tell me what you see." said the

teacher.

Hands went WO, hit the teacher called on Peter, whose hand had not

been one of them. "Peter, what is it?"

"It looks like a rat."

The class laughed. Someone said, "Peter is so stupid. He doesn't

know a rat from a rabbit."

The tk acher said, "Peter, vhat's the matter with your eyes? Can't

you see that it has long ears?"

"Ye..," said Peter weakly.

"It is a rabbit, isn't it, Peter?"

"Yes," he said.

"Today's story is about a rabbit," said the teacher, pointing to the

picture and then the word. It's a story about a huhgrY white rabbit. What

do you suppose a rabbit eats when he's hungry?"

"Lettuce," said Mary.

"Carrots," said Suzy.

"Meat," said Peter.

The class laughed. Someone said, "Peter is so stupid. He doesn't

know what rabbits eat."

"Peter, you know very well that rabbits don't eat meat," said the

teacher.
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"That depends on how hungry they are," said Peter. When I'm hungry,

I'll eat anything my mother gives me, evoi when I don't like it."

"Don't argue, Peter," said the teacher. "How, Class, how does a

rabbit's fur fee: when you pet him?" asked the teacher.

"Soft,"said Suzy.

"Silky," said Mary.

"I don't know," said Peter.

"why?" asked the teacher.

"'Cauee I wouldn't pet one. He night bite me and make me sick, like

what happened to my little brother, the time a hungry one got on his bed

when hP was sleeping."

The class laughed. Someone said, "Peter is fibbing. He knows his

mother doesn't allow rabbits in bed."

After the class had read the story and had their recess, the teacher

said to the supervisor, "I hate to sound prejudiced, but I'm not sure that

Peter's being in this class is good for the children."

The supervisor shook his head sadly and said to the teacher, "Your

lesson lacked one very important ingredient."

"What was that?" asked the teacher.

"A rabbit," said the supervisor.

Learning itself can be defined as the individual merger of experience

into meaning. Within this definition it is obvious that learning will not

take place unless there is a learner and experience. Such an experience

may or may not requ:re the influence of a third narty--the skillful guide--

or teacher.
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A sWdent is engaged in an activity in the sixth grade classroom or

a high schcol physics lab. He is gaining from his experience. But what is

he gaining from that experience? Mat controls how much he will take from

that experience?

Experience in science without the "experiencer"--the student--lacks

purpose, interest, or mraning. A student without experience is unmanageable

and equally lacking in purpose or meaning. To consider the role of the

student in learning, the individuality of the learning experience and how

it relates to both the relevance and responsibility is inescapable.

If students are to gain from their experiences in science they must

link their own experiences to that in science, and they must question the

relationship of their experience as a human to their experience as a student

in the science le,oratory or classroom. This questioning is the responsi-

bility of the student. Learning scienee will be at its best when the student

has the responsibility to initiate action, and the resnonsibility to inter-

pret the results of his science experience. With this expanded freedom for

initiation or interpretation the student becomes less dependent upon the

teacher. fie has a greater insight into both the question and the answer he

seeks because he identified it.

From another viewpoint, learning can also be an event analogous to a

collision between the student and the structure of a subject. This collision

will have its greatest impact when there is a readiness on the part of the

student for the subject matter. As the engineer of the collision--the teacher

assists in identifying the student's readiness or the inventory of the

student's past experiences that are relevant to the structure of science.

To engineer this collision, should the teacher organize the experience
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in science to fit the student or should the student be made to fit the ex-

nerience in science?

If the student's past experience limits the extent to which the present

experience will he meaningful, then in order for learning to occur, the

student must:

1. have a meaningful goal, a question or frame of reference to guide

his activity;

2. have a desire to act;

3, have the means by which he can act, that is, a set of skills by

which he can process the information of his experience in a

meaningful interpretation.

The challenge here is a search for those experiences that provide the

student Leith success related to desire, a foundation of knowledge out of

which comes the frame of reference upon which to base both questions and their

ansteers, and the skills to process information into meaning.

Relevance and responsibility in his encounter with reality are inescap-

able reauirements for learning in science. The smaller the base of experience

the shorter the time the student can accept the responsibility for directing

his own actions. The challenge here is to provide a sequence of experiences

that will enable the student to enlarge his base of knowledge thus enhance

the relevancy of new exneriences and his skills to process the data and thus

enhance his ability to accept the responsibility for initiating action and

interpreting its results.

If the experience is anpropriate, the student will hoth find it relevant

and himself capable to act on it. If the student does not find the experience
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relevant, or if the student is not capable of acting on it, then the appro-

priateness of this experience must be questioned.

There are occasions Wlen more than just the experience and the student

are combined. Additional components are needed to enhance meaning through

the skillful structuring of the situation. These components describe what

the teacher provides in structuring the student's experience.

The best learning situations usually occur when there is an appropriate

mixture of students and teacher. The student is a star. It is he upon which

the action and the spotlight is focused. As the star ce' the prodec on, the

student must have a stage upon which to operate. Seleceleg this stage,

setting it up with desirable materials and making sure : -'c'its the etudent's

needs are significant contributions .x) the teacher.

Getting started with the production may represent a ether point where

the students will need assistance. As a director of a e-eatrical production

recognizes that each star is an individual capable of deep, rich and meaning-

ful experience, he carefully listens during informal rehearsals. He observes

mannerisms, voice inflections, superficial role interpretations, and other

key behaviors. Then the director selects appropriate means by which to help

the star improve his performance. He recognizes that "telling" the star that

his gesture was inanpropriate will not do the job. Rather with the star,

the director actually explores and practices better ways to move the hands.

In a similar role the student is observed by the teacher-director. Those

areas in which the student needs assistance are identified by starting with

a situation in which the student must perform the specific behaviors des-

cribed in the objectives of the experience. Through watching, listening, aid

a variety of observations, experiences,that each student needs,are selected.

95
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The need may be the use of a poor inference, inability to express himself,

or the lack of skill in manipulating apparatus. All students will not have

the same need, but each student will have some need. The learnina situation

is the tool for diaonosinq the students "experience-relevancy" and his

"responsibility capacity."

If the student is to gain meaning from a new experience, he may need

some additional assistance from the director-teacher. Just as a director

fine- "telling" a rather limited value, so do teachers in the classroom. The

"telling" approach to teaching began in the Medieval Ages when there were

no sour es of information other than the teacher. There are many sources for

student s exncriences today. These ranne from the aquarium in the first

grade c-assroom to the pressure chanter in the high school laboratory. In-

volvieg students with these resources so that they are the star performer is

a real challenge. This challenge can result in rewarding success if the

students' responses are handled in such a lay that he gains a new respect for

his own ability to deal with the situation. within the context Provided by

skillful teacher-director the student initiates action and accepts respons-

ibility for his action. He explores his environment--he handles and manipu-

lates it. He also explores the largely untried realm of thinking through

relating events of his experience, having ideas about these events, and test-

ing these ideas. Exploration of his environment and thinking are extended

through his organizing himself to explore. This is accomplished through eval-

uating his own deductions, through making mistakes, through inproving his

approach to the seeking for understanding. In this way the students' role

is one of learning to manipulate and control his environment through guided

exploration.
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Such approach might he described as simpl, the student learns to do by

doing. This is not ouite comrlete. The studert learns to do by guided

doing. The teacher is the one who structures the learninc situation, ne

one t4ho carefully watches and listens to learning activities, the ore who

'stimulates and encourage the learner, and the one who provides the background

and the direction for the learner, through ski71ful questioning.
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SUMMAPY OF CHALLEMGE

P=newed interest in stueents and science has returned us to a basic

pe-elise. Learning will h.-9 at its best when the relevance of experience is

,nparent to the student becauee he has had the responsiblit.) for initiatir-

a tion and interpreting his coen exnerience. The persistent C-allenge is ho

to structure the learning encounter so that gaps in the stud Ats' experienc

ill be closed.

Meeting the Zhallenge -- Instructional Objectives

One aspect in meeting the challenge of structuring student experiences

-is to examine the statement of instructional goals. If these are stated i-

terms of what the studeet should be able to do by the end of Lhe instructior_

experience,there is a far greater probability that relevance and responsi-

bility for learning will exist.

Objectives stated in vague terms--such as the student is to gain an

understanding, or to increase in his ability in critical thinking, or to

understand important relations in science describe the important outcomes.

Yetos stated, these objectives are of questionable value as guides for

instruction. They limit the study to science but they certainly do not pro-

vide any direction as to what within science one might expect tc see student's

doing.

If objectives are to he useful in structural experience, they must

reflect some specific outcomes of that experience. For example, with the

objective the student is to gain an understanding of major science concepts.

What does the word "understand" mean? Does it mean that the student should

be able to use the concepts in some situation? If so, how and when are these

to be used? what specific tasks should the student be able to do? What is
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the specific situation ir which the student should be able to accomplish these

tasks? How would the teecher determine whether or not the student had

succee:e in accomp 7 Alat epecific objective?

an objecti e: result in student centered experience, it must

be staed in terms of the soecific behavior of the student that can be ob-

served by the teacher. Oni then will the objective provide direction for

both the /earning experance and the appraisal of the effectiveness of that

learnine experience.

The initial writiee of instructional objectives.in terms of what the

student will be able te do may sometimes be difficult. Oith experience this

task becomes more manaeeable. The process follows a simple pattern consisting

of three considerations:

1. identification of the behavior desired;

2. description of the situation and instrument in which the behavior

is to be observed;

3. description of the extent to which the student should exhibit the

behavior.

The most effective behavioral objectives are those which reflect all three

of these criteria.

The behavior which is expected to be observed is indicated by the verb

denoting the action. Teachers cannot observe "knowing," "understanding," or

"appreciating." They can, however, observe a student who is "constructing,"

"choosino," "writing," and "describing."

If the student behavior is to be o'oserved, then the teacher must decide

where one is to look for that behavior. If the teacher expects students to

identify constellations, then those situations souid be specified in which
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the student t mplish this task. For example, will the student work

with photoarah 0 -a drawings of the sky, separate drawinas of each con-

stellation, ol observation of the sky at niaht? It is quite possible

that the teac', "e, consider all of these siteations, some of them, or

situations whic not been mentioned. Unless the situation is determined

and described, --ejective could lead to many interpretations and hence

would not give : ecific direction which is essential for the objective

to be an effect:Ye ide for instruction. Statement of objectives assumes

sifnificance bee= they allow the teacher to determine the success of the

instructional ex-- ence.

Instruction can be readily evaluated if the extent of the behavior be-

comes part of each objective. For some objectives the students will or will

not be able to pe;.- 711 the tasks, but for many tasks it is necessary to deter-

mine a degree of success. If, for example, an objective was "the student

should be able to write the definition of osmosis", then the experience has

been successful if 7ee student can accomplish this task, and unsuccessful if

he cannot. Nith an objective statee, in this way, there is no measure of

nartial success. ln the other hand, if that objective were mollified to read

"the student will 7e able to identify and write the names of constellations

from a drawino (eF -Tele sky", how does the teacher determine success? This

situation is such that it will be necessary to decide which constellations,

and a fraction of these constellations, a student is to identify in order

for his behavior to be accepted as successful.

Properly WC -4 instructional objectives, therefore, include a descrip-

tion of the henavi:,- a description of the situation, and the extent of the

behavior which is sxpected. The situation and extent of behavior may be

'
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imnlied in the statement of the behavior, but if not clearly implied, it needs

to be specifically stated.

Meeting the Challenge -- Student Involvement

Recognizing that experience is a pre-requisite of development of both

knowledge and skills, the structure of that experience becomes a significant

factor in science instruction. To meet this challenge, students must be made

to feel that they are studying something of value and not merely executing

intellectual minuets. They must actively do something with material in

carrying out their own action and then have reason to stop and examine the

results of their action. This means designing curriculum materials in which

the student's experience is a personal thing stimulated from direct observa-

tion of an event which leads to inferences about relationships and thn test-

ing of these inferences. This design is in contrast to the student solving

a puzzle that is imposed upon him by the teacher and thet solution has for

its main reward the seeking of completing an external requirement. Only by

the opportunity to seek and find his way out will a student experience both

relevance and self directed responsibility.

A specific contrast in examples might be useful. In a classroom in

grade five of a well designed and well equipped elementary school, the

teacher was ready to beoin a unit on 'Tocks". She started with the announce-

ment that the students are going to begin a unit on "Rocks". The teacher

then spent several minutes describing to the students why it is important for

them to make a study of rocks and how much fun t will be: she also added that

the next day they would set up the objectives of the study. In the meantime,

the students were te think about questions about rocks. The next day in class

the students agreed upon a list of objectives for the unit and questions that
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they wished to answer. Curiously enough the questions and objectives corres-

ponded very closely to the information the teacher gave the previous day.

The teacher then announced a series of activities that the class would under-

take in the study of rocks. These activities proceeded in a systematic way.

Committees were formed for each major heading of questions. References from

the library for each committee were suggested. As the committees began work,

the teacher brought supplementary materials--reading materials and charts

from her vertical files. She gave snecific instructions on how each committee

report should be written and illustrated, and saw that the committees were

at work. Pany of the activities included the activities of textbooks and

tradebook references. Mo attention vas given to the accuracy of these books.

The assumption was explicit--if it is printed in a book, it must he true. To

one group the teacher suggested a film on volcanoes. To another group, the

teacher suggested a local geologist who could talk about rocks found in the

community. Both of thPse events were scheduled and enjoyed by the entire

class. Some vocabulary words related to rocks were studied. During the

month the unit was in progress, daily filling in of the "rock science note-

book" laboriously dragged on. By the end of the unit--the end of the month--

the studen-s were restless and ready for a change. The teacher realized that

the students had lost interest, but was faced with another dilemma, should she

stop the unit or let the last three committees make their report? Obviously,

something needed to be done. She met with the three committee chairmen and

suggested that they make only five minute summary reports, rather than the

entire committee report. Not knowing how to proceed, they apoealed to her

for hel'o and she wrote out the brief summary for each of them to read. She

then decided to end the unit with a class evaluation. In this evaluation
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the students aoreed that they had learned how to classify rocks according to

sedimentary, ioneous, or metamornhic to recognize a volcano; ard expected

to continue their interest in rocks.

The teacher announced that it was tine to move on to the next unit which

would be on the solar system and space,

Another teacher started a unit on rocks also. Her goal was not only for

students to acquire some knowledge atsout rocks, but develop some skills in

classifyina objects according to a nredetermined system. From hPr past ex-

perience,she knew that students believe that anything in print was true.

They had probably develoned such a belief because most of their educational

exnerience had been rooted in the printed page. She had heard several of

them say, "I can prove it, because I read it in . . ." This teacher could

have told the students the strength and weaknesses of textbooks and library

books, but she also knew that learning comes from within, not from without,

and that students are more apt to use knolledge gained through self initiation

and self directed responsible action. For this reason, she started the unit

by nresenting the class with a collection of rocks. Their task was to arrange

these rocks into three orouns, and describe to her their system of classifica-

tion. Initially, some members of the class suggested that they use the three

types of tocks: sedimentary, igneous, and metamorphic. The class agreed to

use those three cateoories and immediately started to group the rocks. Almost

as Quickly, the students stopped. Before grouping into these three categories,

they needed clear cut criteria for each category. To manage this concern, the

class decided to assemble the committees to do library "research" in the

characteristics of these three types of rocks. Then they were to select

those rocks of the sample that "fitted" each category. !!ithin two dos,
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consternation develoPed. There were several rocks "claimed" by each of the

three groups, ohen they used the criteria described in text and other re-

ference materiels. Hole could they resolve this problem?

By this time the students were genuinely puzzled over the discrepancies

and differences in the books. The teacher let them rangle over these dis-

ceenancies in the cless discussion. She allowed them to come face to face

with the felt difficulty and problem. Then she interrupted the discussion

with the inquiry as to what it was they wanted to know. What was the defini-

tion of their ideas Until they had finally resolved the question to this:

"Experts--that is geologists or scientists--classify rocks, but how do they

dr it?" Their Plan of action was to secure help from a geologist in creating

the classification procedure. Through this attack they eiscovered that the

means whereby rocks ere classified is quite different from the means whereby

the three types of roc:1es are usually described. Specifically, classification

of rocks requires the use of a variety of tests and observational data rather

than one or two characteristics. nith this cue, the students gathered in-

formation about the oeservahle characteristics of rocks. They gathered rocks

and tried these tests on those and created their own classification eystem.

Such an approach eleant that the students were tee stars in actively

seekine questions are1 their answers. Note that this is quite in contrast with

the self contained science unit on rocks whereby the students were spoon-fed

information from a single text or a variety of resources that the teacher

had brought in for the students to use. The, latter approach involves students

actively seekire knoeledge--makes them the creator of their own textbooks

as they synthesize the interpretation of their own experience.
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ON LEARNING SCIENCE

David P. Butts
Science Education Center
The University of Texas

Should I uso this exneriment?

What ahout that bulletin hoard?

Which Text best suits my situation?

Is that book accurate?

Did they have the same experience in the third grade?

what units do / teach this year?

These are all questions of t;hat and how which demand a groun of whys

to serve as criteria for answers.

Why use this ,zxperience?

Why use this book?

Why teach this science unit?

Eventually these questions resolve to the question of tthy have a science

soouence or +.1hy teach science.

To describe a curriculum s2guence, we first start with a stipulation of

the goals or directions for this sequence. What are the goal or goals of

science instruction?

Probably: a better question might he asked, what are the general goals

for education, and hot: does science instruction relate into these goals?

Woodruff, amono others, has proposed that the goals of education may be

summo1 un as providing experiences for children which will enaPe them to

make wise choices and -:orthy dec:sions wise choices necessarily involve
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knowledge and the ability to use that ;4nowledge. !Jorthy decisions involve

the knowledge and its use with an 400 ingreeient, a sense of values. While

not ignorino the desired values of ou society, the domain eest served by

science instruction is that of Knovlodge acquisition and its use--or the

practice and understanding of science.

Agreement on a broad objectiVO for education or even on a more specific

objective for Science Education-Nethe practice and understanding of science---

still leaves to be resolved hve *these objectives relate to the classroom

experience of a fifth grade cla5s.

Preparing and teaching science hot only requires goals, it requires the

selection of the content, the desiee of the experiences and the recognition

and analysis of the impact of th emhined content and experiences. Pre-

paring and teaching requires that eopttTUm learning conditions be present.

Matson and Cooley described learrling 0:

The read!eas .( oM1 iedividual pupil and
the structers of tt1 :4. select come together
in the process we CO1 °learning". Teaching
is then a proceduee DY eibich we attempt to
exnedite or cataliZO this learning.

Involved in the act of learnind are three specific factors:

1) The structure of a s ANjeet--or the content which is selected

2) The ennineered collWohs betlleen the student and the subject--

or the designed exhoriences;

3) The readiness of tho stildent as illustrated by effectiveness

of the impact or tho reeeptivit of the student.

The next three sections of 015 ener will review each of these three

components of the learning "col1i5iene° as they are specifically related to

science education.
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THE STQUCTURE OF SCIENCE OP THE COOTEMT Tn nE LEARNED

Each student's success in achieving his nes.res ana abilities to make

contrifutions to the good of others depends on hoe enell he finds out holq the

world works and how well he learns to get along w t:aal world. While the

practice and understanding of science can make a significant contribution to-

ward that goal, unanswered is the question of what understanding of science,

and how do you translate this aoal into a sequence of experience which pill

result in successful "collisions?"

A study of man's progress reveals that his greatest advances have

occurred throuoh a sequenee of successful solutions to problem situations.

Dewey recognized that learning results from doing. 'Ine reason for the lack

of success of the rote learning of science content is the lack of the involve-

ment of the student. Problem-solving offers an excellent solution to this.

From the science content which is selected because of its appropriateness to

the problem situation, the main impact on the student would be a broad

generalized ability to cope with any environment.

Selection of content for problem situations would result in the student's

having both the content and the generalized approach to any problem from the

student's own involvement and doing. However, selection of content directed

toward a general problem-solving ability lacks the evidence that such an

ability does indeed develop to the extent that it is transferable to new

situations. Psychologists, as exemnlified by Gacin, suggest that such an

approach is too narro and too exclusive in terms of Ltudent experience.

Cronbach suggests that a curriculum built around applications of science in

problem situations give a false picture of science or possibly no picture at

all.

tit7
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Thus, selection of content in science in terms of a problem approach

results not in the practice and understanding of science, but in a limited

and narrow practice of an approach to problem-solving with little or no

understanding of science itselc.

Bruner points out that to know the structure of a subject is to know its

patterns and concepts. To deal with the fundamental structure of a field

makes that subject understandable and facilitates transfer and usefulness of

that which is learned. Bruner more recently suogested that discovery which

is qroueded in one's having prior knowledge to use, involves the individual

in rearrenginq data in ways which will permit him to go beyond that data to

a nel-? understanding. Conant's description of science is:

Science emeroes from the-1 other progressive activities of
man to the extent that new concepts are formed from ex-
periments and observations and the new concepts in turn
lead to further experiments and observations...this
dynamic quality in science is viexed not as a practical
undertaking, but as development of conceptual schemes.

Foshay seems to relate to these conceptual schemes described by Conant

to the structure described by Bruner and adds a second ingredient. He asserts

that each discipline is characterized by its domain---or conceptual scheme of

structure and its way of knowing or method of inquiry. Schwab relates the

structure to inquiry in that he defines i.he structure or science as those

concepts which define the domain of the discipline and determine its inquiry.

Clearly the understanding of science stands out as one of the desired

goals of the teaching of science. A second side of science seems to have

been identifier; hy Foshay and Sciriab. The conceptual schemes, structure

or domain of the discipline are incnmplote. These conceptual schemes must

be ordered or arranged. r7ach very cogently descrii-ed this ordering of

in 8
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arranning as7

Mien experience has once clearly exhibited these facts and
science has marshallee t'lete into economic and perspicuous
order, there is no doubt we shall understand ther. Before

our "understanding° them, a mnnta/ mastery of facts never

exists. Science does not create from Facts, but it simply
orders known facts.

Mile the relationship between the domain and its wey of knowing ie

described by Bruner and !',chwab, wc lack full agreement on what "way of

knowing really means. Te some it is called problem solving ano investigated

as a general nrocedure applicable to all situations. However, might a more

accurate and efficient view of oroblem solving be what one does when one

brings to a problem patterns of ideas anc: inquiry methods specific to parti-

cular disciplines? Thus the two sides of the proverbail coin seem to be in-

separable. If the nractice of ecience and the understanding oC science are so

closely related to the scientific enterprise, then here logically are the

goals of science education.

Selection of content in terms of the structure of science results in the

student practicing and understanding science as the structure of science

demands. However, in reference to the conceptual schemes, Schwab questions

if they may not merely become another series of intellectual tidbits to be

examined and ingested. Gagn; suggests that these conceptual schemes may

become things and not abstractions or hypotheses about observable phenomena

which sl,ould be subject to empirical test. Cronbach relates inquiry to the

conceptual schemes by saying:

The mathematician is sayino that he cares little about what
mathematical topics are studied, that what counts is how
much the student learns enput the nature of mathematical

thought. In nhysics, what matters is not how much or how

many physical laws are learned, but how what the student

1'19
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knows is organized. The student is introduced to the
tools of a disciuline rather than to its products.

Schwab also suggests that in the classroom, the student mav only see the

conclusions of inquire,. These he may identify as facts- J euite pc :e

as isolated facts. The cohesion and organization of these facts is usually

underemphasized or emitted. The student sees little end understands less of

the constituents of inauiry, that is, the organizing principles, the data,

the inteepretation of the data and the competencies needed. Is it Possible

that practicing inquiry without ,IJ1 adequate background of knowledge can have

little impact on the student's intellectual development? Might it even have

a side effect of limiting his ability to think independently? Suchman and

his experimental data indicates that it was evident that the student needed

more than a way, a strategy, in v.hich to think. The concepts of the students

were inadequate both in terms of breadth and depth. Are there some specific

requirements before a person can be independent in his thinking? If so, what

are they and how can they be developed?

Selection of content in terms of the structure of a discipline may re-

sult in the practIce and understanding of science, but may more likely result

in an extremely limited and cramped practice and understanding of science.

Does this mean that this is not a suitable or feasible goal? Or is this coal

best examined not from the standpoint of a teaching goal, but from the stand-

point of pupil behavior? If a person is practicing and understanding science,

what will he do?

The practice and understanding of science is best illustrated by the

individual canable of autonomy in his investigation. dust what content is

necessary to make the student canable of this autonomy is not easy to identify.
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Regardless of this difficulty, the content must be identified if the goe/

is to be achieved. Tn do thi- f;ann suggests that first we need to identify

Lfle terminal behEvior, that is, that student behavior that hest describes our

goal. In a general way this means that if the student practices and under-

stands science, if he has the desired autonomy in a problem situation, he will:

1) Benin with a set of systematic observations;

2) He will desian measurements that are necessary to quantify his ob-

servatinns;

3) He will distinguish between what he observes and what he infers from

what he observes;

4) He will invent interpretations;

5) He will draw reasonable and possible creative conclusions from his

observation and analysis.

These five behaviors describe the advanced level of behavior which

characterize the autonomous investigator. Mat is needed to develop these

types of responses to problem situation,;? Careful analysis of an investiga-

tive act suggests that there are several comnetencies demanded if the investi-

gator is to be successful. These competencies include the ability to observe,

to quantify his observations anc to infer from the data of experience. In

order for the student to observe, quantify on infer, he must have developed

from a broad experience in ma e. rgverse situations the specific abilities to

observe likenesses and differences in objects, to measure, to quantify his

measurement, to orient objects and events in space and time, to describe, to

classify objects and events, to communicate, to predict and to infer. Content

selected to assist the student acquire these competencies might be considered

one level of development--that of the manipulator in which specific
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eompetenc' are developed.

An e'-cient investigator needs competencies of another level. Ability

to handl objects and events of his environment does not in itself make

a studeeL ,n investigator. He r7ust be able to define what about a situation

needs to 5e investigated. He must be able to analyze the situation to deter-

mine what objects and interactions are present, and through verification

activities using careful controls assess the specific contribution of each

object to the interaction. He must be able to build a model or hypotheses of

the reason of these interactions, and experiment with this model in many

different situations to ascertain its accuracy, adequacy and completeness.

Development of these competencies necessarily involves the student acquiring

a broad base of knowledge of the principles of science. This broad base of

knowledge represents not so much the science content covered, but must be the

organizing principles in the student's thinking around which he can direct

his activity.

Selecting content for this level of development may be accomplished by

further analysis of the inferential and mental model building in science.

Content which illustrates both these aspects as 1.7;ell as an acceptable state-

ment of the major themes of science represents the direction of this level of

competency building. Just as the best way to study a musical masterpiece is

not to isolate the notes of different values on separate sheets, the broad

base of knowledge is established best when those conceptual schemes that

permeate all of the scientific endeavor are seen hy the student in a wide

variety of situations. Thus at this level content is selected to permit the

student to see each theme in many different circumstances. However, just as

important, the presence of the theme must be discovered by the student from

his experience in the instructional situation and not from a didactic pre-

sentation of the theme.
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Do competencies in dealing with objects and events in the environment,

and organizing nrinciples as a part of the broad tase knowledge in addition

to the competencies in identifying and verifying relationships of the environ-

ment represent the comnlete picture of the needed abilities in order to be

autonomous in an investigation?

One other competency needs to be added--the strategy of asking productive

questions. How a student may structure his question asking is a behavior

which can be acquired. Using the broad base of knowledge as a oeneral

direction, and the competencies of identifying and verifying relationships

in the environment as a Procedure, the student needs to learn how to give

specific direction to his thinking. He needs practice--and a great deal of

this nractice--in asking questions and in considering the probability of

being able to find satisfactory answers to these questions. More specifically,

he needs to seek creative connections tetween the objects and events of his

experience and he needs also to carefully evaluate these suggested connections

in terms of the broad base knowledge and the plausibleness of the ideas. At

this level, content is selected which will assist the student in further

broadening his base of knowledge while offering him ample onnortunity to ac-

quire and practice a strategy of inductive reasoning. The latter may be des-

cribed as the incis;ve knowledge necessary for the investigator if he is to

be successful in his resolution of a problem situation.

Development of a broad base of knowledge from related understandings

which themselves are dependent on competencies in handling and interpreting

environment represents two levels of science content. Adding a third, the

sharpening of a strategy of search for new connections in using this broad

base of knowledge, W' may have a picture of those behaviors needed for a

113
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student to he successful in solving a problem situation in science. The

student has the necessary competencies to assume full responsibility of a

science investioation which may be described as:

1) Fe depenes on himself:

2) He trusts himself!

3) He looks at problems objectively:

4) He has new ideas; and

5) He judges those new ideas critically.

Content is selected which will assist the student in operating at the

advanced level of the terminal behavior of the practice and understanding of

science: The student uses the approach of inquiry toward the solution of

problems.

Mat specific content should be selected depends on a detailed descrip-

tion of the competencies needed tey the manipulator level, a delineation of

the conceptual themes and the advanced level competencies which comprise the

broad base of knowledge, the connector level and an identification of the

appropriate search strategies or incisive knowledge which are the patterns of

concepts that the student used to direct his thinking in a specific science

discipline and to help him evaluate the appropriateness of his questions or

inquiry. This is the questioner level.

Beyond the identification of this content remains an extremely crucial

question - hol. are the experiences of the student structured to insure the

best impact of the learning collision? Should the student study the specific

conceptual themes? Should the student's understanding of these themes come

from his experience? Hot', often must the student come in contact with the

themes for them to be part of his base of knowledge? If the student, is not
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given the themes, will he form them automatically from his experience?

Ne now turn to examine the second factor of the learning situation...

the design of exoeriences.

THE ENGINEERED COLLISIONS BETNED! THE STUDEMT AND THE SUBJECT,

OR THE DESI(NED EXPEPIEMCES

The verbal extrapolation or analysis of relationships of phenomena in

their environment required that students must:

1) Observe the phenomena with great care:

2) Relate their ohservetions to previous experiences;

and

3) Interpret the present situation within the framework of their

previous exPericnces arid through this interpretation initiate an

analysis of the event.

Thus the design of experiences for the student that will maximize the

impect of the collision as emeineered by the teacher must be predicated on

an analysis of the student himself. The student's past experiences will

determine the extent to which the present experiences are m-aninciful. The

appropriateness of the student's present experience might be illustrated by

this description of a classroom situation:

CLASSROOM SITUATION RELATED OBSERVATIONS

The subject under study was the
formation of clouds.

Question: ;low do clouds form?

Oueetion: Do they 'erm like dele
only in _le air?

Good question

lehat previous experience must the child
have had in order for this question to
be meaningful to him, in order for him
to have asked this question?



CLASSROOM SITUATION

Ouestion: What conditions would we
need to have a cloud?

Statement: Therefore, if a cloud
forms mist like dew,
then we should be able
to make one in a
bottle.

Direction: Then let's do the
following

1) Fill a jug with moist air.

2) Add a little water and ten
place some dust in a jug by
inverting it and adding a
little smoke from a burning
match.

3) Finally we can warm it (the
aie in the bottle) by blowing
in,

4) and cool it (the air in the
bottle) by letting the air
come out.

Conclusion: The result of such an
experiment as this can help a very
young student explain for himself
a natural phenomena, how clouds
form.
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RELATED OBSERVATIONS

Previous experience with "a cloud"
knowledge must le utilized here if
this question is to be meaningful.

A conclusion - dew forms a bottle --
which is stated and then -tele proposal
is made to verify it. What previous
experience is necessary with dew and
bottles for this to be meaningful to
the student--i.e. und,m- what conditions
does dew form in a tottle? What is
dew?

what previous manipulative experience
is necessary to know how to fill a jug
with moist air? What knowledge back-
ground is necessary to determine that
moist air is needed?

Why add water? What previous experience
indicates that smoke is dust?

Why should we need to warm the air? Why
does blowing in the bottle warm it?
The previous experience with the idea
of warming by compression is assumed.

Why cool the air;
Where in the student's experiences does
either warming or cooling enter into
the situatiun? Phy does letting the
air come out cool it? The previous
experience with cooling by expansion
is assumed.

Does it?

The purpose of the analysis of the student's previous experiences is to

identify to what extent the present experiences will be meaningful to the
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student.

For the student to analyze the relationship in an event he must be able

to interpret this event in terms of some reasonable framework of past ex-

perience. Interpretation demands that the present event be compared with

other similar everts and that similar and dissimilar aspects of these events

be identified in an effort to discover the exact relationship 4nvolved in

the present experience. in order to make the comparison with other similar

events, the student must have had an adequate base of experience to have re-

cognized and categorized several events as similar. He then can use the basis

of the categorization as a directional or organizing principle in his inter-

pretation of the present event. Before events may be recognized and cate,

gorized as similar, they must have been experienced--observed and the ob-

servations must have been done with sufficient attention to the detail of

the events.

Thus in order for the experience of analysis of cloud formation to have

been meaningful for the student, ther- are three levels of previous experience

needed:

1) Direct exerience with the specific objects of the environment. This

must he a broad range of experience in learning from observation and

manipulation of the environment. !leanino grows from first-hand ex-

periences, that is, the meaning which is best characterized as the

what of the environment.

2) Indirect or Semi-Concrete Experience with vicarious aspects of the

environment. The student is able to find indirect experiences mean-

ingful if the base of direct experiences have been adequate. He can

use indirect experiences as a way of extending the base of observa-

tional meanings and as a way to begin to recognize similarities or

specific categories of experiences. Thus indirect experiences extend
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to the meaning of the what and initiates the how relationships of

the environment.

3) Interpretative experience in which the student recognizes similar-

ities or categories of past experience. These cateaories are

sharpened so that the;) become functional organizing directions for

the student's reasonina. This represents an extension of the how

relationships of the environment and the initiation of the why

relationships

4) Verbal analysis of relationships in which the what, how and why of

the environment are meanineful to the student in that he can mani-

pulate symbols for these past experiences and do so with intelligent

reasoning.

The collisions which are enoineered for highest impact are these to

which the student can brino meening from his past experience. Identified are

four levels of this past experieeee to which the student can bring meaning:

Direct, indirect, interpretative, and verbal.

These four levels represent a hierarchy of meaning for the student. The

way which teachers have found most successful for students to learn is to

engineer the experiences of these students in terms of the students them-

selves, i.e., to analyze lehat previous experiences the students have had and

build from that point.

RECErfIVITY OF THE STHDENT TO THE EXPERIENCE

Our attention must necessarily again focus on the object of this

collision--the learner. Given the sequence of content and the best design of

the experiences, will he learn? 'ohat factors affect the receptivity of the

1 3
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student in the learning situation? A better phrased question might be, hew

does ehe sequence of designed experiences relate to th2 student's achievement?

Psychologists havP been investigatinn this question for some time.

Little direct evidence can he cited concernino hot- children learn science.

From related studies, certain general guidelines can be elucidated however.

nne group of studies in psychology seems to indicate that if a child is

not ready to learn, he vill not learn. Specific factors that affect the

child's readiness to learn are the relevarne of the experience and ,est

experience, the relevance of the experience and his inerests, and the rele-

vance of the experience and Cle student's vocabulary. Cronbach suggests that

for students with poor vocabularies and poor conceptual development, readiness

must be developed by a painstaking design of ideas. The readiness of the

child for the collision may thus affect the imoact of that experience for him.

Another factor related to the impact of the collision is the motivation

of the child. Blair has suggested that without motivation there can he no

learning. Specific factors related to the motivation of the student are his

needs. These needs have been variously described as recognition, security,

response, new experience, achievement, status, and affection. "hite has

added a new need. Pe identifies specific instances of motivation which do

not seem to be explained by the above needs but width seem to be best des-

cribed as a need for competency in dealing with the c,nvironment.

Piaget has suggested an equilibrium theory that may Wate both readi-

ness and motivation to a single scheme. He describes an equilibrium theory

of behavior as a child stays at e level of reasoning until he cannot han6;

it conveniently. what was equilibrium (in handling his experience) ""*P' es
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disequilibrium so he shifts to the next level. For the child within the

school years, his reasoning is characterized by manipulation with those ob-

jects in his immediate environment. Equilibrium exists as long as he can

conveniently handle these in his thinking. Phen these objects become too many,

disequilibrium sets in and the child shifts to the next level, from concrete

operational to concrete logicel. Pt the concrete logical level, the child is

no longer dealing with just objects, hut with specific connections between

these objects. lie establishes a universe of relations within which he can

conveniently handle his environment. He has identified simple patterns in

his perceptions of the environment.

However, when the universe of relations become more than convenience

permits him to handle, disequilihrium sets in and the child shifts to the

next level, abstract operational. At this level, the child initiates a

higher level grouping of his exeerience or shifts the universe of relations

into a universe of classes. He has identified sharpee patterns in his per-

ceptions and is beginning to identiyy patterns in these patterns or patterns

between concepts. These patterns between concepts are the genesis of the or-

eanizing principles which he can use to interpret his environment. At this

level, the child seems to acquire a reverse gear in his thinking, i.e., he can

go from the experience to the abstraction about the experience or from the

abstraction to the experience.

When the conceptual framework of the student becomes developed to the

point that he no longer can conveniently hand/e them, he shifts to a fourth

level, abstract ioeical. At this level, he identifies specific patterns

between concepts or conceptual schemes. These may he described as a universe

of causes. The child i now able to reason in abstractions totally.



Summarized, the equilibrium theory (yr Piaget may be pictured as:

Conceptual Scheme Universe of Causes
More complete
Simple

Concer:ts Universe of Classes
cimnle Concept Patterns

Perception Universe of Relations Concrete Logical
(Simple Percention Patterns)

Data Universe of Substances Concrete Operational

Organization Transferability

A .;-:.:rther scan of research evieence from the psychologist indicates that:

1) Learning is a relativey permanent behavior change which is the

result of experience.

2) The factors e the child's attention to the experience and his

strategy of orc-rating within the experience helps determine his

resistance to the stimuli of experience.

3) Extremely important to the learning in a situation .F;re the

breadth or narrowness of the child's use of the avaiiable clues

ane his success in solving tne problem and h;s learning the

significance of views other than tftse directly related to the

solution.

4) P. high drive or over learning reduces the student's ability to

pick up incidental clues.

5) Satisfaction which some children obtain from manipulation and

mastery of their environment is highly important.

6) As children nrow older, their acceptance of a challenge in a

task grows.

7) Superior discrWnation learning is generally associated wito

greater scannina of stimuli--a greater attention to detail.
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Ibstract Logical

Abstract Operational
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8) As chiUren grow older_ they become more prrsistent in their

attempts to filu: the wey to beat the gamethey increase their

search for patterns end order.

This seems to say to us 10-at a child's receetion to any learning ex-

perience changes as his experience anc' cogni+Ive style shifts. Thus it may

be that within a specific learning situation, the child's receptIvitv des-

cribee in terms of his readiness or motivation is really a function ot his

past exeerience and his cognitive style. Pelated to Piaget's equilibrium

theory, the cognitive _wle itself is related to the breadth and level of the

child's oast experience.

SUMITTY

In this analysis of science curriculum, the practice and understanding

of scieece has been identified as the goal. The description of this goal in

terms of student behavior by the scientist indicates that the student should

use the approach of inquiry to solve problems. The experiences necessary

for the student to use the approach of inquiry includes competencies in deal-

ing with the environment, competence in dealing with a broad base of knowledge

about the environment, competence in questioning the experience ef the en-

vironment. Achieveoent of the ultimate behavior is predicatee on a series of

selected competencies--manipulative, connective, questioner and investigative.

From the teacher, successful experiences are ttose to which the student

brings and takes meaning. For this reason, experiences that call 7or verbal

analysis must be preceded by interpretative experiences. Interpretative ex-

periences must he based on a broad base of meanings developed from direct

experiences which may he extended through indirect exp,,)riences. meaning in

lidloor)
eter`ce"...0
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a specific experience is predicated on the previous experiences of the

student--direct, indirect, interpretative, and verbal analysis.

The psychologist has described the rec,rvtivity of the student to an ex-

perienc in terms of the cognitive style of that student and his past ex-

perience. The student's cognitive style seems to shift when it becomes incon-

venient for the student to handle his experiences or their interpretations.

The shift from concrete to abstract reasoning thus can be identified. That

shifts in the student's cognitive style do occur is clear. The relationship

between these shifts and the student's past experiences a seems quite clea=.

The psychologist identifies four shifts in cognitive style: concrete opera-

tional, concrete logical, abstract operational, abstract logical.

Pre these three croups of individuals, the scientist, the teacher and

the psychologist, all describing the same thing, or aspects of the same devel-

opment? Past exoerience is certainly most important to the structure for

selectino content as identified by the scientist; for the design of ex-

periences for meaning as described by the teacher; and for the shift in

cognitive style as delineated by the psychologist. Are they all talking about

three sides of a pyramid? If so, does this offer us some useful guidelines

by which to answer the questions raised at the beginning of this discussion?

Co we have a basis for selectino th( experiences for children, including

books?

90 we have the criteria for selecting content?

Uo we have the criteria for selecting the desIred s'udent behaviors?

Do we have tna criteria for evaluating student achievement?

e
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OPERATIOW T BLAST

We need your elp in thinking back over this conference. The following

is a list of the sessions in this conference. Some of the sessions you have
feund more useful in serving your needs as a T2 or 13 than have been other

sessions of the conference.

1. Please rank the sessions from #1 the most useful to me to
#19 the least useful to me.

Rank of
Usefulness

a. Overview of Conference

b. Review of Instructor's Guide and Resource Material

c. Pre-Post Testing

d. Fishbowl on Planning an Inservioe Session

e. Team Level Conference

f. Role Playing of Film and Feedback

g. Presentation of Observing Session Howell)

h. Presenting Sessions to Tls

i. Fishbowl on How to Structure the Situation for
Low Ratio Teaching

Analysis of Structure of Inservice Programs -
Preactive and Interactive Phases

k. Participation in Low Ratio Teaching

1. Constructing an Exercise

m. Analysis on Why Have Demonstration Classes

n. Fishbowl on Planning an Awareness Conference

o. Handling Questions of School Administrators and Supervisors

p. Analysis of Equipment and Prices

q. Review of Research Results

r. The Patterns and Content of Inservice Programs

S. Organizing the Stvucture of an Inservice Program

134
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2. Please state your reason for Choice #1.

Please state your reason for Choice #2.

Please state your reason for Choice #18.

Please state your reason for Choice #19.

3. Please suggest an alternative activ'ty for the time spent in #18.

Please suggest an alternative activity for tk. lAme spent in #19.

4. What other comments or feedback would you like to make?



Tc%m

Instructions: In a manner similar to your response to items on the Semantic
form you filled out earlier, we would like your frank, anonymous evaluation
of each session you participated in during this workshop.

To the right of each session title encircle th rime of your instructor
fur that session. Then mark the seven point rating scale located between
the two polar words, "bleak" and "Strong," based on your feeling or evaluation
of each session.

In addition, please add any additional feedback comments in the space
provided.

Section One - Process Sessions

1. Observing Session Instructors:

Weak Strong
Comments:

2. 3ehavioral Objectives Session Instructors:

Weak-- 't ong
Comments:

Feedback Session with film and role playirm,
-uctors:

Weak Strong
Comments:

4. Inferring Session Instructors:

Weak... ... Strong
Comments:

5. Using Space/Time Session Instructors:

Weak Strong
Comments:



2

6. Usino iumbers Session rnstructor-:

Weak Strong
Comments:

7. Communicating/Classifying Session Instructors:

Weak Strong
.Comments:

8. Communicating and Predicting Instructors:

. . ........ . .. . ...... ............ . . .. . Strong
Comments:

9. Measuring Instructors:

Weak
Comments:

. .. . ...Strong

.$Pcti.bh_Two Teachc Action Sessions

I. One-to-One Teaching

Weak........ .. .......... .. . . ...... ...... .. .... . .Strong
Comments:

2. One-to-Two Teaching

Weak . * Strong
Comments:

3. Feedback with Partners

Weak Stron
Comments:



4. Constructing an Exercise

Weak Strong

Comments:

Section Three - Special Sessions

1. Teaching Demonstrations a. Teacher

Weak Strong

b. TeaJler

Weak Strong

Special: Overall Worksho71

Weak Strong

Comments:

Opportunity to 140-4, n !_eaders

Weak
Comments:

138

Strong




